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PREFACE TO THE E1RST EDITION, 



THE increasing interest taken in Water-pressure Machinery, 
and the extended field which has opened out of late years 
for its employment, have led me to record, in a form con 
vement for reference, existing experience in this branch of 
Engineering. In this task I have availed myself of the 
information published in the Proceedings of the Institution 
of Civil Engineers, the Institution of Mechanical Engineers, 
the Iron and Steol Institute, and of other Societies I have 
thus not confined myself within the range of my own pro- 
fessional practice, but have utilised the experience of others 
wherever I have found that it would increase the usefulness 
of the book. 

It affords me much pleasure to acknowledge the ready 
response that has invariably followed any request for par- 
ticulars or for drawings to enable me to illustrate the 
varieties of Hydraulic Apparatus to which I desired to refer, 
and I believe that I have recognised in the proper places 
throughout the work my obligations to all who have thus 
kindly assisted me. 

At the commencement, I refer briefly to the " Flow of 
water under pressure," and show the practical value of some 
interesting experiments which have recently been made, and 
which have enabled new formulae to be deduced for the 
discharge from pipes. The employment of water-pressure 
mains, to transmit power through the streets of a town on 
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the principle which I have termed "Power co-operation," 
is steadily gaming ground. The first works of the kmd 
were those which I carried out m Hull in 1876, and the 
promotion of similar undertakings m other towns will afford 
an increased field lor utilising hydraulic power. 

Whilst describing the most interesting types of Hydraulic 
Machinery, I have abstained alike from criticisms on the 
details of construction, and from any attempts to lay down 
fixed rules for the employment of any particular appliance. 
The conditions which render one form of appliance more 
suitable than another vary m almost every case, so that 
each requires to be dealt with according to tho practical 
circumstances which govern it. 

As my earliest experiences in this branch of my practice 
were gamed nearly thirty years ago, when with Sir William 
(now Lord) Armstrong, I have dedicated this book to him ; 
and Ms friendly acceptance of this dedication has enabled 
me, in these later days, to refer to an association which I 
look back upon with pleasure and pride. 

HENEY ROBINSON. 

November 1886 



PEEF1CE TO THE THIRD EDITION, 



SINCE the Second Edition of this book was prepared, 
Hydraulic Power lias been employed for many oilier purposes 
than those to which I then referred , and as the necessity has 
arisen either of reprinting the book as it stands, or of revising 
it, I have thought that, by incorporating some more recent 
information which is available, the usefulness of the book 
would be thereby enhanced. This view has been encouraged 
by many professional friends whose opinion I value, and 
whose aid has been readily aflbided me. I desire to ac- 
knowledge the assistance that I have received from my sons 
Keith and Leigh. 

HENRY ROBINSON, 



PARLIAMENT MANSIONS, 

VICTORIA STBKET, LONDON, S.W , 

March 1904. 
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HYDEAULIC POWEE 



AND 



HYDRAULIC MACHINBEY. 



THE weight of a cubic foot of distilled watei is 62 499 Ibs. avoir- 
dupois at a temperature of 39 Fahrenheit At a temperature 
of 02 the weight of a cubic foot of water is 02 355 Ibs. Although 
water has been proved by experiment to be compressible (but 
very slightly) under great pressures, for all practical purposes it 
is taken as incompressible. The compressibility of water is one 
twenty-thousandth for an increase m pressure equivalent to an 
atmosphere. 



DISCHARGE THROUGH ORIFICES. 

Torrieolh. discovered m 1643 that the velocity of a fluid flowing- 
through an orifice in a vessel is approximately equal to that which 
a solid body would acquire m falling a height corresponding to the 
distance between the level of the fluid in that vessel and the 
centre of the orifice. Employing symbols to represent this : If v 
is taken for the velocity in feet per second, H for the difference of 
level or head in feet, and g for the measure of the accelerating 
force of gravity, or the number of feet per second at which a 



/' 



2 HYDRAULIC POWER AND HYDRAULIC MAOHINS 

falling body is moving at the end of the first second ( 

about 32 2), 

Then 

or 

v = 8-024 Jff 

If to the natural head (If) be added artificial pressu 

then 

v = 8 024 



The quantity discharged from an orifice is proportiona 
area of the opening and the velocity As the sectional arc 




jet is less than the area of the orifice, the quantity discha 
not found by multiplying the area of tho opening by the v( 
but a coefficient has to be applied to represent the extent 
reduction of the area of the jet (called the Vena Contracts 
If 

0, Discharge m cubic feet per second. 
A = Area of the orifice in square feet, 
<7=A coefficient 
Then 



The amount of the reduction in the area of the jet, caus 
the Tena Ooutracta, depends upon the shape and the 



DISCHARGE THROUGH ORIFICES. 3 

of the orifice and upon the head II the orifice is circular, and 
its inner edge is perfectly sharp, the diameter of the issuing jot 
will be about 80 per cent, ol the diameter oi! the orifice, or the 
area of the jot will be about 64 that of the oriiice The value 
of the coefficient C in tho above expression will be geneially less 
than '64. This form of jot is shown by fig 1. 

The following Table gives the results of experiments, with 
sharp-edged circular orifices, by various observers in the past : 

Experimenter Head Dl *' Coefficient 



o 



Feet Inch 

Eytelwem, . , 21 10 618 

Bossut, 0'6 10 0649 

Oastel, . 27 12 629 

Venturi, 29 1 (5 622 

Ronnie, . 10 I'O 0-633 

2-0 10 619 

Weisbaoh, 20 12 0614 

. 20 16 607 

08 12 Q'622 

.08 16 0614 



Experiments were made by the late Mr James Simpson and 
Mr John G. Mair-Kiunley, and the results (communicated to 
the Institution oi 1 Civil Engineers) are given in the following 
Table : 



COKFIttOIJBNTfl OF DlHOHAKQK 3WOM ClIlOULAB, 

Tomporatuio 51 to 56 Fahr 



Approximate Diameter of Odlioe in Inches 
JJoSs 1 1J I 1* I If I 2 | 21 | 21 

Absolute Aiea m Square Feet 
0-00546 0-00862 0'012281 0'016749 0-021806 0-027576 0-033898 0-040933 049139 

GoelHeionts, 






616 


0-614 


0-616 


0-610 


0-616 


0-612 


607 


0-607 


0-609 


12 


0-613 


Q'012 


0-612 


0-611 


0'612 


0-611 


0-604 


0-608 


0-609 


15 


0618 


O'GU 


0-610 


0608 


0612 


0-608 


0-606 


0605 


0-606 


18 


0610 


0'612 


0-611 


606 


0-610 


0-607 


0-603 


0607 


0'605 


21 


0'612 


0-611 


0-611 


0-605 


0-611 


0-605 


0-604 


0-607 


0'60fi 


24 


0*609 


0'613 


0'609 


0-606 


0609 


0-606 


0604 


0-604 


0-605 
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Professor Unwin has deduced, from tins Table, the following 
formula for the coefficient of discharge, which is applicable 
withm a limited range 



(7=0 607f> + -~ - 0037 D 

where .ZTis the head 111 feet, and D is the diameter in inches 
Orifices of this form afford a very convenient method of 
gauging the flow of water during tiioJs of engines and hydraulic 
machinery, hut the variable coefficient has always been a draw- 
back. With a view to obviate this Mr Edgar Tlmipp ban 
examined the experiments on 37 different onlicos with the 
following results 

(1) The discharge is not propoitional to the .square root of 
H, unless the diametei of the orifice is about 6 inches. 

(2) The area of the jet is not proportional to the area of the 
orifice, but is more nearly proportional to D 108 (D being the 
diameter of the orifice) when H is 1 foot. 

If 

Q, = discharge in cubic feet per second, 
H = head of water in feet, 
and 

D = diameter of orifice hi feet, 

fche following formula is arrived at from the 37 orifices : 

Q = 37157> 1 Us 

and 

n = 1-97 - 0-08 log D 

Some experiments on orifices, 1 foot and 2 feet in diameter, 
?ive values of n as about 1-97 and 1-95 respectively, while other 
axpenments on orifices less than one-third of an inch in diameter 
show "n" as high as 215 

After determining 2), the formula may be simplified to 

a - 

As an example, take D = -25 foot 
Then w = 2'02 and aj2'39 and 
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TAIJLE SHOWING- TUB DKUUKK <>i< ACCURACY OF TIIK FOIUHUA Q-3 715 J> 1 "" \JJI 

IUNED OK 216 EXPnirMENI'S ON TUM DlsOUAIUiU UK 97 SIIAUI' IU,IU 

CIRUULAJl ORIfflOKS, 





JSTumbei 


Di.uiH'ter Huml "f \Vak>i MI 


M<'iiu Kuor of 


NAME 


of 


of 


feet, 


I'oHllUtfl 


03? 
OBbPHVliR 


Expel 1- 
mouts 


Oi idee in 

foot 


Maximum 


Minimum 


1 PCI ( (lid IKl Wilt 


Ellib, 


7 


2 


9 04 


177 


- 1 70 


Hamilton-Smith, 


1 


1 01 


1 05 


i on 


2 00 


Ellis, 


10 


TOO 


17 72 


1 15 


1 Tl'i 


Hamilton-Smith, 


1 


oO 


1 -09 


1 09 


I 0-J1H 


Michelotti, 


2 


53 


12 


l) 9 


- 0-71 


Ellis, 


13 


50 


1 7 '2(i 


2 15 


- 28 


Hamilton -Smith, 


1 


o-tio 


1 20 


T20 


- O'lfi 


Michelotti, 


1 


270 


1250 


12 50 


- 1 '9(1 


Hamilton-Smith, 


1 


253 


1 'S3 


] 33 


1 '51 


Mau-Rumley, 


6 
6 


OM501 
0-2283 


2 00 
2 00 


75 
75 


- 0-19 
00 - '00 




6 


0-2078 


2 00 


75 


4 17 




6 


1871 


2 00 


75 


1 0'3ti 


Michelotti, . 


1 


18 


7 20 


7-28 


- 0-91 


Bossut, 


1 


178 


12 50 


12 50 


.. , - -'i-10 


Mair-Rumley, 


6 


1066 


2 00 


75 


- 0-32 


3 j * 


6 


1460 


2 00 


(1 75 


-1- .Id 


Weisbach, 


2 


13 


2 00 


82 


+ 1 15 


Mair-Rumley, 


6 


1250 


2'00 


0'75 


1 0'21 





(j 


0-1041 


2 00 


75 


1- 31 


Hamilton Smith, 


19 


10 


4 62 


0-129 


1 1'05 


Weisbach, . 


2 


10 


2 00 


82 


- 42 


Bossut, 


1 


089 


12-50 


12 50 


- 3-00 


Mair-Rumley, 


6 


0-0834. 


2 00 


U'75 


-1 083 


Weisbach, , 


2 


0-066 


2-00 


0-82 


0'79 


Hamilton-Smith, 


21 


0498 


I'M 


0-185 


i 0-42 


Bossut, 


1 


0-OJ4 


12 50 


12 50 


-- iHH 


Woisbach, . 


7 


033 


340-0 


'()() 


4 '23 


Steckel, 


3 


032 


4-2 


1-00 


. , 0'74 


Thrnpp, 


4 


02783 


1-J16 


0'583 


- 3'(i3 




6 


0-02758 


1'50 


OM75 


. , 1'17 


* > 


11 


02700 


175 


0-527 


- 3'78 


j ? * * 


11 


0-0212 


1 '75 


0'458 


- '8 


Hamilton-Smith, 


8 


0-020 


3-19 


0"73S) 


Ml 


Tlmipp, 





0185 


1-75 


0-518 


f 3 -21 





8 


0148 


1'75 


0-500 


- 3 04 


,, 


10 


0-00026 


1-708 


0-40C 


-1 4'UO 




216 




340-0 


00(5 




Total 


Experi- 










37 Orifices. 


ments 


Extruim-h, 



The error per cent is called "plus" when the formula givos more than fcliu 
observed discharge. 

The above sho\\s a mean error of minus 0'82 per cent. Omitting the Imi 
11 orifices (in which slight errors in the measurement of the diameter lately 
affect the lesults), the remaining 26 orifices show a moan error of only minus 
0'38 per cent. 
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From the above Table it appears that if results are required 
Linn 0*5 per cent, the orifice must bo tested to obtain its 
sfiicient " x. " 
Iho temperature of water has a slight effect upon the coefficient 



i 







Fig. 2 Fig. 3 

discharge from an orifice. Experiments rnado by Mr Mair- 
mley show that with a sharp-edged orifice 2^ inches in 




Fig- 4 Fig. 5. 

meter, and with a head of 21 inches, the coefficient G was 
4 for temperatures varying from 57 up to 110, and increased 
607 for temperatures up to 179. 
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The accompanying figures show the effect of the shape of the 
outlet upon the coefficient of discharge C m the- formula 
Q - G A x 8 024 JJf The gieatest contraction of the jet 
occurs with a short tuho projecting into tho vessel (fig. 2), 



c-'S^y 




Fig G 

giving a coefficient of '52 Fig. 4 shows the sharp-edged 
orifice in a flat plate, as in fig. 1 Figs. 6, 7, 9, and 10 are 
from Oastel's experiments In lig 10 the coefficient '829 only 
applies in case the short tube projecting out of the vessel runs 
full at the outlet, as it generally does ; but if the jot escapes 



Fi. 7. 

without touching the sides of the tubo, and the internal edge 
is perfectly rectangular, the coefficient will bo reduced to 62, 
Fig. 8 is from the experiments of Mr Hamilton-Smith,, jun,, 
on the nozzles used in California for directing a jet of water 
against the working faces in gold mines under a head of over 



% -\ \ ^ i 



995. 




outlet 



Ifig. 



description on 



greatest 



T 



Fig 9- 



ol 



t o - 

5 6' m a cone having a leng* 

. to ..*-*.. 



,, 

the 



06*9 



/- 

f i 



oxifice is g 



radually 
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to this reduction of velocity assists the statical head upon the 
onlice. This discovery is of great practical value If, however, 



C * 



9D 




Fig. 12 



fit 



>s 

i 



r^S' 



/>' 

-/- 






the divergence is too great, as in fig, 12 , the advantage is lost 
Fig. 13 shows what is called a "conoidal orifice," which is 
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peel to correspond with the natural form of a jet from a 
rp-edged onfice, with the result that the coefficient reaches 
n 96 to '995. In all the cases whore the outlet is tapered 

diameter is measured at the narrowest part The sharp- 
ed orifice in a flat plate is the easiest form to reproduce, and 
is results, for any given diameter and head, as uniform as 

other kind of orifice, and is, therefore, the most suitable for 
irate gauging purposes 



WEIRS. 

Water % Weirs. 

'or gauging running water it is often more convenient to use 
larp-edged weir instead of an orifice, particularly for large 
imes flowing m open channels. The theoretical formula for 
flow over a weir is 



ere 

0, discharge m cubic feet per second. 
I = length of weir in feet. 
II = head of watei in feet. 
G a coefficient allowing for contraction, etc 

he head is measured from the level of the edge or sill of the 
1 to the level of the surface of the water, a short distance 
stream, at a point sufficiently removed from the weir to 
d the curve of the surface approaching the overfall (see 
L4) 

lie coefficient C is found to bo about the same as that for 
p-edged orifices, namely, fiom -59 to -02, according to the 
[ and the length of the weir It is also affected by the 
of the channel approaching the weir. If tho depth of 
>r behind the weir is at least 4 //, and if the channel 
ncls at least 3 H beyond the end of the weir at the level 
le sill, then the contraction is said to be "complete," and 



WK1RS 



II 



the velocity of approach will be msignilicant For accurate 
gaugings these conditions should be fulfilled 

In the event of the How over the- weir not being free of the 
notch (and therefore not as shown by fig 14) but passing 




Fig 14. 

in contact with the outer part of the weir, so that air is 
expelled from the lower side of the weir to the face to which 
the sheet of water adheres, then the pressure close to the 
face is below that of the atmosphere, and the How is con- 
siderably increased compared to the case of free discharge l 




fc \^v 

t .^^ 

Fig. 16 

For gauging streams of small and variable velocity a tri- 
angular notch is most suitable as shown in fig 15 
The discharge can bo calculated by the formula' 

_ 4- 



(the dimensions being in feet), being the coefficient allowing 
1 Tram lust, OS, vol. cxvii. p 421. 
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for contraction Tfc is ranch more constant in it Vee-ahapod 
notch than in a rectangular notch, as the How is always 
similar at whatever height tho water is dischaiged through the 
notch 

When i mining at any depth other than fuJ], />' and //" hocoino 
I and li in the formula, and its area computed As the bottom 
and sides are irregulai, straight lines have to lie substituted 
as shown by fig 1C The calculation la given for ubcoiiiiimng 
the "hydraulic mean depth" which is tho sec.tional area of 




water divided by the wetted perimeter (or the lino A B (J D), 
The slopes A B and G D are found k> be 1] to 1, so that 

A S and C D = JT = 10' 8 
and the wetted perimeter 

= 20' + 10' S + 10' 8 = 41'-6 



The water surface 

A D 20' + 2 (6' x li to 1) = 38'. 



The sectional area theiefore is 



174 foot. 






and the hydraulic mean depth is thus ~ A ! r,~ = 4-'1 8 fool 

4 l"o 

Screw " current meters " afford a means of ascertaining' 
the mean velocity of a stream, as Hie meter can be placed in 
all parts so tliat the average (low is recorded To obtain 
reliable results, however, it is necessary to 13 nd the ''constants" 
of the meter by towing it in still water. 

To ascertain the "discharge" of a stream whoro gauges 
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cannot be conveniently fixed, llouts are employed by which 
the velocity of How IB determined As this vanes, being least 
at the aides and bed of the stream, the float observations should 
not be confined to merely recording surface velocity To 
determine the moan velocity it is essential to make a series of 
observations of velocity at points across the section of the 
stream. If there is no wind which can cither retard or acceler- 
ate the movement of a light float, the sin face velocity can. be 
found by observing the time occupied by the float during 
its passage down the stream between two definite points 
at known distances apart. By suspending a cord with a weight 
attached to a piece of wood or cork (the length of the cord 
being arranged to avoid touching the shallowest part of the 
stream), the average velocity, as distinguished from the surface 
velocity, can be determined. A bottle or tin case weighted, so 
that all but the top is submerged, serves as a float when there 
are currents of air likely to interfere with the observations. 
Having made float records both in the middle and other parts of 
the stream, the " discharge " requires the sectional area of the 
stream to be ascertained. If it is a small stream, this can be 
clone by stretching a line across it, at right angles to the line of 
flow, and taking soundings at definite points along the lino, so 
that a section of the channel can bo plotted 
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Water flowing through a pipe or channel lias to overcome 
the friction caused by its movement along the interior surface 
of the pipe or the bed of the channel. The amount of the 
friction is measured by the force that m necessary to overcome 
it. In a conduit of uniform section, this force is the head or 
loss of pressure (" h ") in a given length (" I ") multiplied by the 
sectional area of the conduit (A} 

In an open channel "h" is represented by the fall of the 
surface line (fig 17), the slope of which is called the " hydraulic 
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adient" In the case of a pipe running full under pleasure 
I 18), "h" is the dill'erence of the levels to which the water 
>uld rise in similar brand i pipes, open at the top and placed 
each end of the length "I" If the water is at rest m the 
De the level will be the same at the points G and 1), but if 

i 
i _ i 



i Zicvcl Line 


i 

_ __._!,_-- 


\ 


V 3 G^ rrf'f / f>2* 

i 



Bed of Channel. i 

? WWW*^^^^ 

Fig, 17 

-re is a flow from A to J9, then the level at D will fall below 
,t at G } and the line G JS represents the hydraulic gradient. 
It small velocities "A" is found to be roughly in simple 
portion to the mean velocity v, but at higher velocities " h " 
IBS in proportion to v 170 to v 2 according to the nature of 
surface of the conduit. The smoother the surface the 
er the index of v 

C 






A B 

^ ^ Pip&, 

Fig 18 

he nature of the surface is found to have a large influence 
i "h" independent of its effect upon the index of v. The 
perature also has an influence on the discharge. 
/ has been said that the moving force is h x A ; A being 
sectional area of the conduit which is filled with water. 
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The resulting mean velocity depends not only on the nature, 
but also on the area, of the surface in contact with the water, 
the area being a multiple of "/" This multiple is called the 
" wetted perimeter" (7 J ) In the case of <i pipe, /' is the ciicum- 
forence of a circle having the same diameter as the inside of 
the pipe It follow,, theoretically, that v> is in some way 

proportional to /y For convenience it is pioferablo to 

/ X J 

divide / by Ii to obtain the cosecant of the angle of inclination 
of the hydraulic gradient (S), and to divide A by /' to obtain 
a factor representing the shape and sixe of the conduit which 
is called the "hydraulic radius" (Jt) This, although only a 
theoretical factor, soives its purpose remarkably well, except 
m the case of wide and shallow open channels with very 
irregular beds. 

It may, therefore, bo stated that the mean velocity v is in 
wine way 

Isfc, directly proportional to 11 ( 01 -p- 

2nd, inversely proportional to S ( or y- 

3rd, inversely pioportional to the roughness of Lho stufuoe, 
4th, directly proportional to the tempoiaturo. 

The actual proportions can only bo arrived at by experiment, 
o it is necessary to use different coefficients or constants to 
neet the circumstances of the ease. A simple equation adapted 
o suit the various conditions is the following modification of a 
urmula arrived at by Dr 0, Hagen . 

If / , 

1) - - - - x f 1 

/ / H / 1 1 



v the mean velocity in feet per second. 
It = the hydraulic raclhiH in feet. 
$ = the cosecant of * the angle of inclination of the hydraulic 

gradient - 1 l. 
head 

a coefficient (representing the roughness of the surface). 
T = the temperature of the water in degrees Fahrenheit. 
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The index "%" and the root et ii," as well as the coefficient 
" O," depend on the nature of the surface , they have distinct 
values for velocities above and below what is called the 
" critical velocity," which is lef erred to more fully hereafter. 

"1C" is the temperature coefficient, which has only two 
values. 600 above the critical velocity and 200 below that 
velocity 

(If the velocity were simply proportional to the absolute 
temperature, " K" would be 510 or 460 -f 50, as the coefficients 
"C" given in the Table on p 17, are worked out to apply 
to a temperature of 50 Fahr , so that for many practical 
purposes the " temperature coefficient " may be neglected ) 

Below the " critical " velocity " n " may be taken as 100," K " 
as 200, and "x" as 1 70, thus reducing the equation (1) to the 
form 

/ox Rlw T- 50 

(2) = -~ x 



Iii dealing with the flow of water through pipes, it is gener- 
ally more convenient to use a formula for discharge instead of 
for velocity. 
If 

Q, = discharge in cubic feet per second, 
D = diameter of pipe m feet, 
and 

P coefficient in place of " 0," 

, T - 50 



lor velocities abovo the critical point ; and 

, ,, 73" / T- 50 

(d) 



P IS " A T 200 



for velocities below the critical point. The coefficient "P" in 
equation (3) is related to " C " in equation (1) thus 



P = x Q x 

Ob 

The 2 added to " x " in the index of " D " is derived from the 
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variation of the area m proportion to the square of tho 
diameter 

TABLE OF COEFMCIKNTS IUSLATING TO EQU mew No 1, v 15, AND EQUATION 

No 3, 1> IS, AND APPLICABLE FOR VlSiOOIlIBS MORE THAN 20 1'BH OBNT 
GllKATBft THAN THIS ClUTlOAL ViaOCITV 



Faoboi fco which tliu cooflicionl 
rolalos 



Dcsunptioi) of suifiu'us 

Lead, Tin, Copper, &t- , 
Cast Iron, now, 1 j ' 

Old Cast lion, , 
Ditto cleaned, 
Wi ought Iron, new, 
Kivottcd Shoot Iron, 
Pure Coineiit londoi- /A, 

ing, 1 . \B, 

Baukworkj xn good con- 1 

dition, . , . \ 



Volomty 



Hough Hydi.iulu, Toiupoia- Ittnigh 



Radius 



turo 



175 


005221 





62 


600 


015704 


1 85 


005347 





67 


600 


01723 


2 00 


006752 


o 


68 


600 


020584 


2 00 


0017115 





66 


600 


03353 


1 9.") 


00741 91 ' 





64 


600 


02293 


1 80 


004787 





65 3 


600 


015002 


1 825 


005674 





677 


000 


018459 


1'74 


'00 1000 





67 


600 


012891 


1 95 


006429 





61 


faOO 


019061 


200 


007746 





61 


000 


022965 



When the velocity " >v " or the discharge " Q" by equations 
(1) or (3) work out higher than by equations (2) or (4), tho 
latter are tho correct ones to UKO, When they work out the 
same, the velocity is a little bolow the critical velocity, and 
equations NOB. 2 and 4 will hold good up to a point at which 
they give "v" or " Q" about 25 per cent, higher than equations 
1 or 3. This is tho " Critical Point," whore the value of " n " 
suddenly changes from 1-00 to about 4 00. At all velocities 
more than 20 per cent, higher than tho critical velocity equa- 
tions 1 and 3 hold good. 

Putting it another way ; When equations (2) and (4) give 
results from 26 to 50 per cent, higher than (1) and (8), the 
conditions are in the critical region where "" = 4*00 Ai 

1 Other coefficients will be found m the Transactions of the Society of 
JSnginfcra for December 1887. Tlioso given in Lho above Table have been 
slightly alteied to refer to a temperature of B0 F. For lugli velocities the sot 
of coefficients marked B should be used, and for medium velocilies tho set 
marked A, Whichever set gives the lowest velocity is the correct one to use. 

u For pipes less than '28 foot diameter, when grout accuracy is required, take 

x ss '65 + 018 y^JLlJ? 
D 
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higher velocities (1) and (3) hold good, and at lower velocities 
(2) and (4) hold good 

The coefficients relating to Equation No 4 appear to differ 
very slightly from one anothei for pipes of the same size 
Taking n = 1 and as = 1*70, P comes out at '00005 for lead 
pipes and 000046 for wrought-iron pipes. For pipes between 
\ of an inch and 3 inches in diameter, the formula may be 
taken as 

2} in f T_- 50 

G * 00005 x S ( l * '"JOO 

This has been used in plotting the portion of Plate 1, which 
refers to the region below the critical point The index of 2) 
bears some kind of inverse proportion to D, reaching a 
maximum value of about 4 for very small tubes. 

When there are variations in the size of a closed channel pro- 
ducing a divergence in one direction of flow, and a convergence 
m the other, Mr T E Shanton, in a communication to the 
Institution of Civil Engineers, points out that the loss of head of 
water flowing as a diverging current, to a state in winch the 
kinetic energy is negligible, is about 25 per cent, of the initial 
velocity head, and that when the direction of How IK reversed the 
loss of head is about 10 per cent of the final velocity head. 
These ratios are the same for a range of velocity from 11 to 30 
feet per second at the least section 

In calculating the discharge from large water mains the 
following is deserving of record. The late Mr Parker Neville, 
the engineer who carried out the Dublin Corporation Water- 
works, stated that the 33-inch mam was calculated as being 
capable of conveying from 15 to 16 million gallons of water per 
diem, but in practice it was found capable of conveying about 
20 million gallons. The late Mr Bateman mentions in his 
History of tlia Manchester Waterworks that the calculated 
delivery of water in large mains proved to fall much below the 
actual quantities delivered. 

The calculated quantities were estimated by Eytelwein's 
formula as follows: 



PJUAXJft. 1 



POPES 



PPER 



8" 



I 7 60 (degrees. 
Q. _ discharge, ui> cuubw fe&t> per second' 
qj / cos&carib of slope or Oie terw&u 

J(Jf *"""" A /% / / / / * 1 (C~t *^f11 

(. or pipe, divbcLeGU by trie h&cul>, 
D oh&jnwter of pipe- uv fe&b 
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If d, li, and I be respectively the diameter, height, and length 
of the pipe in feet, and v be the velocity of discharge in feet pur 
second, then 



J7= * 

(I + 50 "rf)' 

The delivery of water as calculated by this formula (whore 
coated pipes were used) proved to bo much more in practice, 
especially m the case of pipes of large diameters, and a nearer 
approximation was obtained by Bazin's formula as follows : 

JR I = A I 7 - , 
or 

_ . 

Where 

ft = hychauhc moan doptb, 
/ = sine of inclination, 
V = mean velocity, 
A = coefficient 

value of A = 0-00004 57 

The Transactions of the American SucMty of Owl 
for 1896 contain some interesting experiments on the discharge 
from 48-inch pipes in connection with the water .supply for 
Boston. They showed that tho coefficient WHH 70 with a velocity 
of 3 74 feet per second, 71 with a velocity of 4 DO, and 7^ with 
a velocity of 6 19. 

A paper contributed by Mr O. M, Lawford to tho Institution 
of Civil Engineers in 1908 on the flow of water in long pipes 
contains much useful information, and deserves to be recorded 
for reference by those who wish to pursue the subject 1'urUier. 

The necessity for properly coating a water main cannot be 
too strongly insisted upon The proportions Tor the coating, 
and the temperature at which it is applied, must bo in 
accordance with well-known practical conditions. Instances 
are known where the non-compliance with these conditions has 
resulted in an absorption by the water of tho tarry compounds 
of the coating, causing the water to be unfit for consumption, 
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The life of a pipe is greatly prolonged if it is properly coated. 
A case is recorded by Mr Ingham (in connection with the 
water supply of Torquay) where an old watei mam which was 
laid before the introduction of Dr Angus Smith's coating lost 
50 per cent of its discharging capacity in eight years through the 
corrosion of the pipe To remove the mcmstatiou a scraping 
apparatus was employed, which was the subject of an interesting 
paper before the Institution of Mechanical Engineers m 1899 

Professor James Campbell Brown brought before the 
Institution of Civil Engineers, in December 1903, the subject of 
the various deposits which lessen the cariying capacity of water 
pipes and culverts, and this communication deserves to he 
referred to as giving interesting data m regard to the causes 
which result in the deposits 
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The phenomenon of the sudden change in the value of " n " 
at the critical velocity has been investigated by Professor 
Osborne Reynolds 

It has been generally considered that if a body of water is 
passing through a pipe in lines or threads parallel to each 
other, it will continue to do so, provided no change of shape 
or interruption is caused m the pipe Professor Osborne 
Eeynolds has, however, shown m a paper published in the 
Philosophical Transactions that beyond a certain velocity (which 
he terms "critical velocity") the fluid ceases to flow in parallel 
lines, and suddenly bursts into eddies, a viscous fluid being loss 
liable to form eddies than a non-viscous fluid, and an increase 
in temperature increasing the tendency to form eddies. This 
change of a steady motion into an unstable or sinuous motion 
is of the greatest interest and importance, 

No apparent definition had previously been made of the 
pomt at which this change of law occurred, or as to the 
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circumstances winch produced llio change from steady to 
unsteady motion, that is, from motion in parallel linos to 
motion in sinuous or eddying lines 
Professor .Reynolds' expomnonts were made with gl.iss tubes 
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about 4 feet G inches in length, and 1-inch, ]-mch, $-mch 
diameter, with tiumpet-shaped mouths They were arranged 
RO as to be able to draw water out of a largo glass tank in 
which they were immersed, whilst a streak of coloured water 
was admitted at the point of inflow of water into tho pipe 



Fig 20 

Fig, 19 shows the result when the velocities wore low, the 
coloured streak continuing in a straight line. As tho velocity 
was increased, a point was reached when tho coloured streak 
would suddenly break up and become mixed with tho clear 
water, as shown by lig, 20 As tho velocity increased, tho 

V 

at - 

-^ 
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>omt at which tho break-up occurred approached tho trumpet 
nonth. By the aid of the electric spark, tho eddying or 
luimg appearance of the coloured water was made apparent, 
s shown in fig. 21. It was found that the velocity at which 
tie junction of eddies occurred was almost exactly in the 
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inverse ratio of the diameter of the tubes, and that the critical 
velocity diminished as the temperature rose. 

Further experiments were made with water flowing in two 
straight lead pipes, each 16 feet long and |-mch and |-mch iu 
diameter Gauge holes were made 10 feet and 15 feet apart 
m these pipes to measure the head " h " as indicated in fig. 18, 
p 14, and the results proved that at lower velocities the 
head was proportional to the velocity, and that the velocities 
at which a deviation from the law first occurred wore in 
exact inverse ratio of the diameters of the pipes Also, that 
when a velocity equal to the critical velocity multiplied by 1'2 
was reached, the pressure did not vary as the square of the 
velocity, but as 1 722 power of the velocity. 

Although the critical velocities m Prof Reynolds' experi- 
ments were found to be in exact inverse ratio of the diameters, 
the same rule does not hold for pipes of larger diameter The 
following Table shows this 

TABLE OF OBSERVED " CRITICAL VELOCITIES " 



Description of 
Pipe 



Lead, 



Tin, . 
Lead, 

Wrought non, 



Cast iron , 



Diametei 

of 

Pipe 
in inches 



0242 
0498 
0549 
1 06 
25 
048 
049 
1057 
150 



lernpeiature 


Approximate 


in 


critical 


degiees 
Palir 


velocity 111 
feel/ pci sec 


482 


1 45 


46 4 


0'74 


1 


541 


1 


0-322 


t 


0'22 


70 


038 


545 


1 39 


52 b 


0302 


40 to 45 


0'445 



Name 
of Observer. 



Oaboino Reynolds, 

i) it 

Da icy 

Dubnat 
J, Leslie, 
Daicy, 
Thrupp 
Darcy. 
Tin iipp. 



The effect of high pressures upon the viscosity of water is 
extremely small and differs with the temperature. Mr JR. 
Cohen has made some experiments on the flow of water 
through a very small tube. He observed the time required 
for discharging a given quantity of water through the tube 
with the same working " head," but with the whole apparatus 
placed under various pressures and temperatures, and he found 
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that the time required was reduced, us 6ho proHHitro morouHod, 
by the amounts indicated in the following table. 



Pressuio in Atmospheres 300 



flOO 



Tempeiattiio Centigrade KeiUu'tinn of time -ptu 



1 3 82 28 

15 1'iO 2 MS ii7 

23 070 I'Ol 

From these observations it would appoav that tit about 80 r ' 
Centigrade (86 Fahr.) the friction of water IB not ul'fbuUul by 
pressure at all, and at higher temperatures the friction would 
be increased by pressure. 

The velocities in these experiments wero no doubb bolow 
the critical point. At velocities above tbo critical point (/>,, 
under ordinary working conditions) the effect of pmHBuro upon 
the friction would probably bo oven lean than that obnorvod 
by Mr Cohen. 

Water in entering a pipe is subjected to a IOHH of procure 
corresponding to the head required to produeo tho velocity at, 
which it moves along the pipe. The- loss of hoad can never bo 

^ 
less than <rs but it may be more if tho onlrttiwo to tho 

pipe is not boll-mouthed or taporocl If, for iiiBtaucu, tho 
entrance is square-edged, as in tho orifice, %. 30, p. 8, tho 

loss will be 3 Qg or 1-Cx |~, This will vo])i-OHOiil, tins IOKH 

in the case ol water entering the Hquaro-ddgod porln of an 
engine slide valve. 

If the mouthpiece is as shown by %. 13, p, 9 ( tho 

loss would be only I'Ol v ~ to 1'04 ^. 
20 % 

In the case of a sudden change of diameter in a pipe, aa in 
fig. 22, with a square edge at the mouth of the small pipe, 
if v is the velocity in tho large pipe, and V that in the 
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A sudden enlargement in a pipo doon not poimit tho water to 
raise the prossn.ro in reducing its velocity, as oddios aw sot up 
which absorb the whole of the kinetic energy in friction instead 
of converting it into pressure energy. 

A similar loss of power occurs when flowing nator passes 
round a sharp bend or untile, or when if, IH subjected to nny 
sudden change oi' the (Inaction of its movement. In (lowing 
round easy bends in pipes there IB practically no lass from thiH 
cause, but with sharp bends or elbowH the loss may bu anything 

up to about 
r 

These facts point to the necessity of avoiding, as fai as 
possible, all sharp-edged inlets to ports, and also sharp angles 
and bends. The be&t results will be obtained when water 
passages are designed so as to make all Urn changes of direction 
and velocity as gradual as possible 

Plates 1, 2, and 3 show the gradients, discharges, and 
velocities in various si/ed pipes and cncnlar cnlveits, and also 
the velocities for various values of " M" in equations (1) and (3) 
on pp 15 and 1C. The horizontal scale represents the logarithms 
of "$," and the vertical scale tho logarithms of " Q." 

One set of sloping lines refers to particular smw of pipes or 
values of " Ji," and the other set of sloping' HIKJH rotors to 
particular velocities. The advantages of this form of diagram 
are that the lines arc generally straight) instead of curved, and 
tho results can be read oil' with oxaclly tho saino dogruo of 
accuracy fiom all paits of tho diagram, which eovors a rango of 
conditions far greater than could bo roprownitod in tho samo 
space if the natural numbers wero ])lol,t(id. 

The natural nnmlwra arc writUm against Uu^ linos ropraHunt- 
ing their logarithms, on tho vertical and hnmonlal Hc,tiloH. 

JSmmple.Qn Plato 1 the spot marked , glvim tho following 
coincident values of the various fucLors: 

iS 113 ti (discharge of a pipe) "0395 eubio ft, 
v I'Q ft, por sec, 
D '166 ft. 2 ins. diameter. 
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The diagrams all refer to a temperature of 50 F. For 
accurate results at other temperatures multiply v or Q by 

7 T 



In the Transactions of the American tiwicti/ of Enr/iiiGers Mr 
Wohton gives the results of some useful oxpoiimonts which he 
made to ascertain the ei'l'ect produced by the sudden closing of 
valvoH against water flowing in pipes. Linos of pipes from 
1 inch to G inches in diameter wore laid above ground, and an 
air- vessel was provided which could ho connected or disconnected 
as required. The supply wan drawn from a, 24-inch main by a 
6-mch pipe. The average static pressure in the pipe was 70 lb. 
per square inch In the first series of experiments the water 

110 wed through lengths of pipes of different diameters thus:- 

111 foot of 6 -inch pipe, 58 foot of 2-meh pipo, and 99 feet of 
U-meh pipe, to a 1-ineh outlet pipe, with a }-inch orifice. In 
this case the velocity was O'lC of a foot per second in the 
6-inch pipe, and 5 "3 6 feet in the l-inch pipo. Upon closing the 
orifice (which was effected in 10 of a second) the force of the 
ram in Ibs. per square inch was 129 2 Ibs in the 1-inch pipe, 
127 Ibs in the 1^-meh pipe, and 14'5 in the G-inch pipe. At 
the dead end of a separate 2 j-iuch branch-pipe (loading out of 
the G-inch pipe at a distance of 300 feot) the force of the ram 
was 18-8 Ibs. With oriiicoH of |, fa, |, and ,o () of an inch, and 
with velocities of 1-06, 2-57, 5'36, and 0'7fi foot per second, tlio 
rams in the 1-inch pipo exerted a force respectively of 26'9, 
72-8, 129 3, and 168'7 Ibs. per square inch. In the 6-inch pipe, 
with |-inch and |-inch oriiioos, and with velocities of O'lf) foot 
and 0-53 foot por second, the rams exerted a force of 14'5 and 
51-7 Ibs. 

Mr "Weston made another series of experiments on an 
extension of the 6-inc'h pipo, comprising 182 foot of 6-inch pipo, 
66 foot of 4 -inch pipo, 8 foet of 2 J -inch pipe, 3 foot of 2-inch 
pipe, 6| feet of 1 J-inoh pipo, and 6 foet of 1-inch pipo. With 
the J-inch orifice, and with a How varying from 0*15 of a foot 
to 5 '3 9 feet per second in tho 6-inch and 1-inch pipes re- 
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spectively, the ram exerted a force of 4 8 Ibs in the former, 
and of 66 7 in the latter In the 1-mch pipe, with orifices of 
from Jjj-inch to ]-mch, the force of the ram increased from 15 
Ibs to 1775 Ibs per square inch En the 2^ -inch pipe the 
force of the ram was 22 2 Ibs. with a -mch orifice, and 183 Ibs. 
with a 1-mch orifice This latter was reduced to 106 Ibs when 
the pipes were m connection with the air-vessel. In 6-mch 
pipes the rani (with a ^-ineh orifice) exerted a force of 4 8 Ibs , 
and with the 1-mch pipe 801 Ibs. The lattei was reduced to 
65 6 Ibs when the air-vessel was connected 
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Lord Armstrong devised the accumulator as a means of 
obtaining pressure on a column of water by a weight instead 
of by elevation (Plate 4). This pressure is obtained by 
pumping water into a cylinder containing a ram, the top of 
which is loaded, either with weights or by a weighted case 
attached to a crosshead connected with the ram. The weights, 
or weighted case, can bo adjusted to give any required pressure 
to the water, which is transmitted through mains to the 
various appliances actuated by the water under pressure A stop 
valve enables the water to be cut off. When the ram has 
risen to the top of the stroke (and the cylinder is full of water 
under pressure) it stops the engine by means oE a chain 
connecting with the steam throttle valve of the engine, and 
water ceases to be pumped into the accumulator. When the 
ram falls (owing to the abstraction of water from the cylinder), 
the steam throttle valvo IB oponod, the engine works again, 
and water is pumped into the accumulator. 

The pressure that has been adopted for transmission through 
mains, in order to work ordinary hydraulic machines, is about 
700 Ibs. por square inch. This is found to be a convenient 
working pressure, both as regards the size and proportions 
of the working parts and the tightness of joints and valves. 
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The best way of jomtmg hydraulic pipes has been the 
subject of much practical experiment A gutlupercha ling 
has been adopted as the best means of preserving the joint 
water-tight Whore hyiliaulic mains are exposed to heat the 
guttapercha ring will not answer, and leather is employed 
instead. 

Mr Ellington has designed a modified form of this joint 
by putting a projection on the pipe beyond the fiauge, the 
spigot and faucet being formed on this projection The effect 
is to increase the depth and tho strength of the flange, without 
an increase of its section at the junction between the flange 
and the pipe 

By means of an accumulator an artificial head can bo main- 
tained at any part of an hydraulic mam The abstraction of 
the lugh-pressiue water to actuate hydraulic appliances is 
practically intermittent The supply of high-pi essure water 
from the pumping-engme can be continuous. It follows, 
therefore, that as the transmission of pressure through a 
water mam is practically instantaneous, the intervals (how- 
over small) between the time of the production of the power 
and its utilisation in the appliance enable the pressure to bo 
maintained and the excess to be stored m the accumulator. 
The variation in tho consumption of the power, by reason of 
the fluctuation in the working of the machines, is at once 
adjusted by the accumulator, which both serves to store up 
the excess of power delivered to tho mams from the engines, 
and also to main tain the pressure in the mams. By this 
means power is transmitted without practical loss in hydraulic 
mains. An experiment is recorded as having been carried out 
on the 6-inch mams of the London Hydraulic Power Com- 
pany when the main valves were set so that two accumulators 
differently loaded (the difference being 20 feet head) were at 
the ends of a circuit of 5 miles The lighter accumulator 
was lowered and shut off, the heavier remaining at the top 
of its stroke. The lighter accumulator was then turned on, 
and it was raised by the heavier one. 
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The amount of energy which is stoied up in an accumulator 
when the ram is at the top of the stroke is ascertained in the 
following way : Taking a 12-inch accumulator having a stroke 
of 22 feet, and working at a pressure of 750 Ibs per square 
inch 

Area of 1'2-mch ram = 113 097 square inches. 

Energy stoied = 113097 x 750 x 22 = 1,866,1 60 foot-lba 

1,866,150 r K , j, , 

_~ i__ -. = 56 5 horse-power acting for one minute 

o<j,UuU 

This store of powei is capable of being given out as loquired 
either quickly or slowly, accoulmg to the working of the 
appliances 

Mr Andrew Betts Brown has devised an accumulator by 
applying steam to one side of a piston which acts upon a 
water rain This accumulator consists of a large steam cylinder 
3G inches m diameter, fitted with a piston and a piston rod, 
which forms the ram of a hydraulic cylinder, having ^th the 
area of the steam cylinder A steam pressure of 50 Ibs per 
square inch, therefore, gives a water pressure of 750 Ibs per 
square inch m the hydraulic cylinder (less the amount of 
friction). Steam is admitted to the top of the accumulator 
cylinder from the ordinary donkey boiler, or the mam boilera 
The pumpmg-engmes are supplied by a branch from the 
opposite side of the cylinder, and delivei the water from their 
pumps into the hydraulic cylinder The bottom of the 
accumulator-cylinder is open constantly to the exhaust. When 
steam is turned on to the accumulator, the engines start, at the 
same time pumping up the hydraulic ram, and they contimio 
working until the steam piston rises high enough to close the 
steam-pipe orifice. The engines then stop, but when water is 
drawn from the accumulator by the action of the hydraulic 
machinery, the steam-piston descends, maintaining the pressure 
of 750 Ibs. per square inch upon the water , at the same time, 
by opening the steam-pipe it starts the engine again, by winch 
the accumulator is replenished. 

An accumulator was designed by the late Mr Tweddell to 
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neet the variation of demand for Ingli-pressme water, such as 
irises when only one appliance is at work in a system oi 
lydraulic pipes supplying numerous shop tools. This is shown 
3y Plate 4, from the Proce&hntjs of the Institution of Mechanical 
'Engineers The ram or spindle A of this accumulator is fixed, 
ind acts as a guide, whilst the cylinder B slides upon it, and 
s loaded with the weight necessary for giving tho required 
pressure to the water The water is pumped m at tho bottom 
it G 3 and fills up the annular space surrounding the spindle 
The whole weight has to be lifted by the water acting only on 
bhe shoulder D, which is made by a brass bush \ inch thick all 
round the spindle A compact arrangement is thus gained, and 
any requned cubic capacity is obtainable by lengthening the 
stroke. The accumulator is supplied by two pumps, each 
If inch diameter and 3 inches stroke, running at about 100 
bo 120 revolutions per minute When the loaded cylinder B 
reaches the top of its stroke, it is made to close the suction 
cock E of the pumps, thus stopping the supply of water. 
When it is desired to put in a new packing-leather at the 
bottom, the weighted cylinder is let down to rest upon blocks 
placed on the wood chocks Gr at the bottom, and the spindlo is 
drawn up out of its tapered seat by the eye-bolt at the top 
To renew the top leather, the bracket holding the top end of 
the spindle has to be removed. This accumulator (having only 
a small area) falls quickly when the water is withdrawn, thus 
producing a combined blow and squeeze, which is of groat 
advantage in hydraulic rivettmg. 

A means of intensifying pressure is shown by iig. 24 
(from the Proceedings of tlifi Imlitutwn of Mcchamcnl JUnffineers). 
A pipe A conveys low pressure water into the cylinder B. The 
pressure on the piston acts upon the smaller rum D, and 
gives an increased pressure to the water in tho second cylinder 
E, in proportion to the relative areas of the piston and the 
rani D. In the illustration, the piston is 19 inches and the 
ram 3 inches in diameter. A pressure of 60 Ibs. per square 
inch on the piston gives 1540 Ibs. per square inch on the ram. 
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Pig. 24. Intensifying Accumulator 
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The water from the pumps enters through the inlet G, and 
passes out at H to the machine to be worked by it. No water 
is consumed from the low-pressure cylinder, but it is simply 
driven back by the force pumps into the low-pressure 
accumulator or mams 

The loss of useful effect between the pumps and a properly 
packed accumulator is but trifling Experiments carefully 
made by Mr Tweddell are recorded of the working of two 
pumps delivering water into an accumulator. The exact 
height that the ram was raised by the strokes of the pump was 
registered With one pump working, 1604 cubic inches was 
the theoretical delivery of the pump for 20 strokes, and 1614 
cubic inches was the actual quantity pumped into the 
accumulator, showing a loss of only 4^ per cent. With both 
pumps working, the corresponding quantities (for 20 strokes) 
were 3388 cubic inches, and 3278 cubic inches, showing a loss 
of only 31 per cent It was noticed in these experiments that 
1250 Ibs. per squaie inch was the ascending pressure in the 
accumulator, and 1225 Ibs per square inch was the descending 
pressuie In ascending, the friction had to be overcome by 
the pump in addition to lifting the load, and in descending, the 
friction had to bo overcome by the load itself ; the amount of 
the friction will therefore be half the difference of pressure in 
the two cases, or 12^ Ibs. per square inch, which is equivalent 
to 3 per cent of the power 

Messrs Clark & Standlield have arranged a differential 
accumulator for working hydraulic lifting-presses. In their 
accumulator the dead-weight of the machinery which has to 
be raised and lowered is constantly balanced, so that only a 
small additional power is required to give it motion. Throe 
accumulator-rams, or plungers, are usually employed, two of 
which are of such dimensions as to produce a pressure on the 
ram of the hydraulic press exactly sufficient to balance the 
dead-weight of the machinery carried by it. In this condition 
the accumulator and the hydraulic press are in equilibrium, 
and a very small increase or decrease of pressure suffices to 
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cause the hydraulic ram to ascend or descend, as the case may- 
be An extra load is then put on the accumulator sufficient to 
cause it to descend, and to raise the hydraulic ram with any 
desired load upon it The thud plunger is placed centrally 
under the head of the accumulator, and the pipes communicate 
with the two outer plungers so that all three can be connected 
at will. When the accumulator is down, and the ram is 
elevated (as just described), then if the communication is 
opened between the three plungers, the weight of the 
accumulator, which was at first supported by two plungers, 
being now supported by three, the pressure on the water is 
diminished, and consequently the accumulator ascends and 
descends In order to laise it again it is only necessary to 
allow the water to escape from the central ram, when the 
whole weight becomes supported on the two plungers as before, 
and the pressure is consequently increased and the ram again 
ascends A small pump is employed to keep the accumulator 
charged 

In order still further to diminish the loss of power entailed 
by hydraulic rams when raising and lowering heavy weights, 
Messrs Clark & Standfiekl compensate for the varying im- 
mersion of the ram When a ram is raised in the ordinary 
manner, it is evident that, as it ascends out of the water into 
Lhe air, it increases in weight, and its balancing power 
limimshes by an amount which is equal to the weight of a 
column of water of its own bulk. Similarly, as the plunger of 
in accumulator descends, it loses a weight equal to the bulk 
)f a column of water whioh it displaces, and both o those 
ictions concur to diminish the power of the machine more and 
nore as it approaches the full extent of its stroke. To obviate 
/his, the load on the accumulator is increased, as its plunger 
lescends, by a weight of water sufficient to compensate for tho 
rarying immersion of the plunger and of the ram of the press. 
3y this means the dead-weight of the machine itself is counter- 
wised in every position, and the only power required to work 
he machine is that which is requisite to raise the load itself 

3 
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1 io overcome friction. By the same means increased power 
given at the end of the stroke, by adding to the load a 
ater weight of water than is required for compensating for 
: varying immersion of the rams and plungers Conversely, 
ireased power may be given at the end of the stroke by 
ising weighted tanks or vessels (which form the load of the 
umulator) to descend into water. 

Where it is desirable that two or more rams should ascend 
Lchronously through equal distances (as, for instance, m the 
3 ends of a bridge or canal lift, or in raising guns) two or 
re plungers are combined into a group beneath one accumu- 
)r, so that as the plungers descend, all the rams ascend 
ough uniform distances In order to cause all four corners 
i bridge or other moving apparatus (which is supported by 
sses at its two ends) to ascend or descend in a horizontal 
ition, means are provided for allowing an escape of water 
n beneath either of the rams, if from any cause one of them 
uld become elevated above the other. 

ufany years ago, Lord Armstrong arranged, for the Tyno 

mmssioners, an air accumulator to work at about 250 Ibs. 

the square inch He had some hydraulic cranes put on 

rd a screw hopper barge, used for discharging ballast 

a vessels lying in the pool of the river, and taking it 

deposition out to sea. These cranes lifted 2 tons, and 

e able to discharge 60 tons an hour. They had hydraulic 

ng, turning, and traversing motion applied to them, As 

ras not consideied practicable to introduce an accumulator 

bins small barge, a cast-iron air vessel was adopted to work 

000 Ibs, on the square inch. Some difficulty was experienced 

bhe first instance m working the air pump with this high 

ssure, but by introducing a small stream of water with tho 

on the suction side, and by allowing the water to fill up 

spaces between the ram and the valve, not only was all 

culty overcome, but even a higher air pressure was able to 

used. Before this small stream of water was employed a 

ain amount of air remained in the cylinder, and as this air 
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was not forced out by the plunger, it prevented the full amount 
of air at the end of the stroke from being sucked into the 
cylinder for the next stroke The introduction of a small 
quantity of water caused this space to be taken up by the 
water, and so that difficulty was overcome Owing to the air 
getting mixed with the water, a cream was formed, which was 
obviated by the application of water in the small air-pump 

At the outset of the employment of water-power it was 
feared that the water in the pipes and machinery might freeze. 
This, however, has been found not to be a difficulty where 
well-known precautions are taken The working parts should, 
where possible, be placed undei ground, or should be cased in, 
if they are above ground. In frosty weather the water 
should be run out of all valves and cylinders which cannot 
be cased in, and protected, as soon as the working of 
the machines ceases A very small gas jet or lamp placed 
near the unprotected parts will prevent freezing. 

Experiments have shown that a mixture of glycerine and 
water prevents the effects of frost to a temperatuie as low 
as 16 Fahr., provided the glycerine has a specific gravity of 
1 125, and that it is mixed in the proportion of one part of 
glycerine by weight to four parts of. water Where water is 
scarce and is used over again in the machines (by returning 
the exhaust water from the machines to a reservoir), such 
addition of glycerine is more easily resorted to. Where only 
moderate risks of frost have to bo dealt with, the proportion 
of 1 gallon of glycerine to 300 gallons of water proves 
effectual. If the water is at a high pressure, such as 1500 Ibs. 
to the square inch, it IB less liable to freeze than when it is at 
a low pressure. 
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Hydraulic forging presses have revolutionised the treatment 
af large masses of iron and steel, by enabling immense pressures 
jO be brought to bear on molten metal plates or masses of iron 
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id steel By means of lluid compression ingots are produced 
' a soundness which was hitherto impossible of accomplishment, 
id by hydraulic pressure masses of mesial can ho squeezed into 
squired shapes far better than by blows from u steam hammer. 
The employment, in recent years, of iron in increasingly large 
asses has involved the consideration of how the continuity 

the fibre can be maintained, and what the conditions 
e which have to be observed in order to pi event break of 
>ntmuity, or a diminution of the calculated strength of the 
ass The investigations of the latu M. Trosca (recorded in 
ie Proceedings of the Institution of MecJuf.mctt/ Hiii/tHMi'H, 
367 and 1878) have thrown much light ou the subject, and 
e of practical value m regard to forging, under a pressure or 
[iieeze, instead of by a blow M, Tresea applied the ox- 
ession "the How of solids" to lus investigations, and the 
ngular facts which he established indicated that an entirely 
5w branch of observation had been opened out, to which 
, de Saint Venant gave the name of " plastico-dynamics " 
,g 25 shows the result of applying pressure to discs of lead, 
m discs of lead (each 0-12 of an inch thick, and 3 '94 mdieg 
ameter) were subjected to pressure, by which the lead was 
reed to flow through a concentric circular orifice 1 18 inch 
ameter in the movable disc C C placed at the bottom of a 
lincler, a plunger m which exerts the pressure. 
The dotted lines m the cylinder show the original positions 

the discs, the upper surface being at 1 ) 1). On applying 
essure the jet reached 7 87 inches, wlnoiHfl the position in 
>e figure An examination of the jot proved that the layers 
mamed flat back from the central jet, and that they bent 
r er from this area so as to flow into the jet simultaneously, 
e external surface being formed of the bottom disc, wlucli 
& assumed the shape of a cylindrical covering. The other 
yers form separate tubes concentric with the jet, all being 
seed at the outer end by a cap formed of the central part of 
e disc. 
A further experiment with a cylindrical block having a 
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smaller height, compared with the diameter of the orifice, gave 
a result as shown on figs 26 and 27. 

The orifice in these two cases was 1*58 inch diameter, and 
each disc was 12 of an inch thick DD (as befoie) was the 
original position of the layers It is mteiestmg to notice that 
the diameter of the jet is not that of the full diameter of the 
orifice, but a " vena contracta " has been formed, such as occurs 





Figs. 20 and 27. 

in the How of liquids. In further experiments the undulations 
which wore observed in the metal corresponded with the 
relative. motions of the particles of a similar vein of fluid. 

Many other metals besides lead were subjected to pressure 
through an orifi.ce, and the general conclusion arrived at 
from them was, that the particles of solid bodies flow under 
pressure similarly to liquids. Any alteration in the shape of 
the orifice, from the circular to the polygonal, or eccentric, 
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produced torsional movements of the nioial corresponding to 
the gyratory movements which occur m the flow of a liquid 
through an orifice, which is not placed symmetrically to the 
sides of the vessel containing it When the metal was pressed 
through more than one orifice in the die, it was observed that 
the jets nearest the centre were rather larger than those near 
to the sides of the cylinder, the lesser effect being due to the 
friction of the sides This difference in pressure on different 
parts of a solid mass explains the displacements thai take place 
m the mteiior of the mass 

The experiments proved that the pressures exerted on 
the surface of a solid body are transmitted throughout the 
whole interior of its mass, and tend to pioduco in it a flow 
which is propagated from particle to particle, and which 
necessarily develops itself in the direction where the resist- 
ances to the flow are the least, also that the pressures thus 
transmitted determine in a fixed order the changes of form 
at each point Further, these changes of form are attended 
by a loss o piessuie between one point and another, similar to, 
but even greater than, that in the case of the How of liquids. 

In the processes of rolling and forging iron the observations 
of M Tresca have a practical value, as indicating the necessity 
for the application of a pressure or blow sufficiently powerful 
to leach the interior of the mass in order to enable the metal 
to flow, and its fibrous continuity to be preserved. 



HYDHAULIC PEESSES. 

The Bramah Press is a practical application of the law of 
the equal transmissibihty of fluid pressure, by which a force 
that is exerted by a small ram on one unit of water-surface is 
capable of being exerted over any number of units of water- 
surface in direct communication with the cylinder which con- 
tains the water that receives the initial pressure 
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Iii presses of small diameter the calculation of the thick- 
ness, and the proportioning of the metal round the orifice 
admitting the water, have been matters of no difficulty, but 
the giadual mciease in the size of presses to meet the develop- 
ment of the use of hydraulic power has involved new arrange- 
ments of construction. 

Tn determining the thickness of hydraulic cylinders, where 
the thickness of metal is not small as compared to the radius, 
the conditions of strain on the inner and outer radius of the 
metal are not the same, so that it must not be assumed that 
the thickness can be increased in direct proportion to the 
strain 

Foi thin cast-iron cylinders and water pipes 

P = pieabiue in Ibs per sqtiaie inch 
R = internal radius in inches 
T = thickness m metal. 

U = coefficient for cohesive stiength of the metal. 
Then 

r = J l 

R (J 

When 16,500 Ibs for the bursting tension 
= 5,500 Iba. for the proof tension 
= 2,750 Ibs for the working tension. 

The cylinders of presses that are subject to great strain are 
now best made of steel that has been subject to fluid com- 
pression, by which a more uniform molecular structure, strength, 
and ductility is preserved throughout the whole body of metal 
than can bo obtained otherwise. The usual thicknesses are for a 
14-inch press, 2f inches, with a maximum tensile strain of 
9 tons on the inner surface when worked at a pressure of 2| tons 
to the square inch. An 18-inch press would have a thickness 
of 3 1 inches, the usual working pressure not being more than 
2 1- tons per square inch. The tensile strain on the inner 
surface of the press is determined by the formula deduced by 
Hooke, 
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kVhere P = * ne tensile strain per square inch on iho inner 

ayer, 

p = pressure per square inch on the cylinder internally. 
R the outer radius 
r = the inner radius. 

Experiments that were made to determine the method of 
constructing the presses for canal lifts are described elsewhere 
m pp. 52 to 58 

The employment of hydraulic pressure for the manufacture 
)f steel guns was referred to by Major Maclanlay, RA,, in a 
japer which he read at the Eoyal United Service Institution 
n 1885 The construction of a steel gun by tho aid of 
lydraulic presses engaged Sir Joseph Whitworth's attention, 
,nd he applied to this purpose the principle which ho had 
uccessfully used to manufacture hollow propeller shafts In 
his case the solid cylindrical ingot from which the shaft is to 
ie made is first bored and converted into a hollow cylinder, 
t is then heated, and a hollow steel mandrel of smaller 
iameter than the interior is placed inside it, and the action 
f hydraulic pressure is brought to bear upon tho external 
mgitudmal surface of the cylinder. The press squeezes the 
letal against the mandrel within (which is kept cool by water 
owing through it), the cylinder being turned over during the 
peration, so that it is evenly pressed throughout, The effect 
f this pressing is to bring the internal diameter of the 
ylinder to that of the mandrel, and at the same time the 
3ngth of the cylinder is increased. By reheating the cylinder, 
nd repeating the process of pressing with smaller mandrels, 
tie final proportions of the propeller shaft are obtained. A 
Limlar process is employed in making steel guns and presses, 
'he ingot is cut into thick rings which are squeezed in presses 
Dund mandrels, as already described 

Since the successful application of the forging press by 
ir J. Whitworth, the demand for large forgings of every 
ascription has compelled its adoption by firms who desired to 
jquire, or to maintain, a position in the front rank of makers 
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of the heavier class of steel forgmgs. The size of forgmgs has 
progressively increased, and to deal with them efficiently, 
larger and larger presses have been, and are being, constructed 
The most recent are capable of turning out any variety of 
forgmgs, besides plain round shafts, and at a minimum of 
cost in labour 

Up to a certain size the single-cylinder system of construc- 
tion is allowable, but m the more powerful presses it becomes 
necessary to substitute double cylinders The latter system 
enables the weight and magnitude of the individual parts to 
be brought within practicable limits, besides which the width 
of the entablature is reduced to a minimum The i eduction of 
width is an advantage, inasmuch as it allows the sling chains 
of the crane to approach so much nearer to the anvil, thus 
giving greater command over the ingot without having to use 
excessively heavy balance weights on the porter bar. 



CYCLONE HYDHAULIC BALING PEESS 

The packing of textile or fibrous material so as to minimise 
the risk of fire on ship board has received much attention at 
the hands of those engaged m the construction of presses, and 
one form, which is known as the Watson-Fa wee tt " Cyclone 
PresH," and is manufactured by Messrs Fawcett, Preston & 
Company, Limited, of Liverpool, deserves notice. The special 
feature of this press connists in combining fixed or revolving 
filling boxes with a revolver having several chambers by which 
several bales are being formed simultaneously Illustrations 
of this type of press are given on Plate 5, Fig, 1 shows a press 
with a three-chamber revolver and one fixed filling box, and 
2 shows one with throe chambers in the revolver and two 
revolving filling boxes, Selecting the press shown by fig 2 the 
following description will explain the method of working - 

The press is fitted with two upper rams of large diameter 



42 HYDRAULIC POWER AND HYDRAULIC MACHINERY. 

and very short stioke, and two lower rams of small diameter 
and very long stroke. A revolver, having three chambers, is 
fitted on one of the main columns, and revolves thereon from 
the position over the long stroke or bottom rams to that over 
the short stroke or top rams, two revolving filling boxes are 
fitted on the outer or long columns anil levolvo around it from 
the position ovei the long stroke or bottom rams to the outside 
position where the filling takes place The fact that the 
revolver admits simultaneously of one bale being in one chamber 
over the large rams, of a second bale being in a second chamber 
over the small rams, and of a third bale being in the third 
chamber out of the press and in the lashing position, accounts foi 
the large out-turn of which the " Cyclone " press is capable 
The working of the press is as follows A bale is first pressed 
up into the A chamber of the revolver, which is then turned a 
third of a revolution, placing the A chamber with its bale in 
waiting position, where the preliminary lashing is clone The 
chamber B is then over the lower rams, and a full box being 
turned into position over them, a bale is compressed into the 
B chamber of the revolver, which is again turned the third of 
a revolution, placing the chamber A with its bale over the upper 
rams, the B chamber with its bale in the waiting position to 
receive the preliminary lashing, and the C chamber over the 
lower rams 

The regular action of the press now commences. The inlet 
valve is opened to the upper rams which fully compress the 
bale in the A chamber of the revolver The hoops are made fast 
in the usual way, the outlet valve is opened, the rams fall, and 
the bale is turned out of the press When the pumps finish 
the pressure on these rams, finally compressing the bale in the 
chamber A, the inlet valve to the lower rams is opened, allowing 
the water from the pumps to flow into the lower cylinders, 
raising these rams, and compressing a bale into the C chamber 
of the revolver [These lower rams, when near the end of their 
stroke, are sometimes arranged to withdraw the lock bolt of 
the main doors by means of a tappet rod fixed to the follower, 
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winch may also bo used to stop the rise of these rams when at 
their top position, by lifting the weighted lever of a relief valve 
at the bottom of the piess] The doois are then pushed back, 
and the lower lashing plate is locked to support the hale in the 
chamber. All three chambers of the revolver are now ready 
to be moved round a third of a revolution, which brings the 
A chamber m position over the lower rams, the B chamber 
with its bale three-fourths hooped, over the upper rams, and the 
chamber in position to receive the preliminary lashing, where 
it gets its bale three-fourths hooped The lower lashing plate 
in the A chamber of the revolver is then allowed to fall on the 
follower of the lower rams, which is waiting for it at top of the 
box. The outlet valve of the lower rams is opened, and those 
rams fall, carrying this lashmg plate to the bottom of the box, 
the stop is withdrawn, and the boxes turn half a revolution, 
placing a box full of cotton over the lower rams and under the 
A chamber of the revolver When the B chamber of the revolver 
strikes the atop, fixing it in position over the upper rams, the inlet 
valve to those rams is opened, and the bale in that chamber is 
fully compressed by the rise of the rams The inlet valve to the 
lower rams is then opened, compressing another bale into the 
A chamber of the revolver , the main doors are then unlocked 
and pushed back, and the lashmg plate locked under the bale. 
All three chambers are thus again ready to be pushed round. 
The bale in the chamber B having been hooped and turned out, 
leaving that end ready to move into position over the lower 
rams, the bale in the chamber C has received the preliminary 
hooping, and is ready to move into position over the upper 
rams, and the A chamber is ready to move with its bale to 
the position for hooping, and so on. 

It will be seen that three bales are under treatment 
simultaneously, and that the pumps are practically continu- 
ously at work pumping into either the lower or the upper 
cylinders Thus, at the same moment, a first bale m "No, 1 
chamber of the revolver is receiving the final pressure from 
the upper rams; a second bale which has been previously 
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ressed up by the lower rams into No. 2 chamber of the 
svolver, and moved out from, its position above the lower 
ims, is receiving its preliminary lashing , and material lor a 
bird bale is being filled into one of the deep boxes which is at 
lie outside or filling position. The working of the press shown 
y fig 1 is the same, with the exception that, having one fixed 
llmg box, the material to be pressed is filled in through the 
pper space at the doors. 



DUPLEX CYLINDEB FOEG-ING PRESS 

Plate 6 represents a form of forging press of the duplex type 
nade by Messrs Davy Brothers of Sheffield) which offers 
^vantages over the single cylinder press By placing the two 
flinders one near each end of the press, both the weight and 
le width of the entablatuie can be reduced to a minimum The 
eduction of width allows the cranes to approach nearer the 
mtre of the press, thus giving greater command over the ingot 
ithout having to use excessively heavy balance weights on the 
Drter bars By placing the cylinders near to the columns the 
ending moment on the entablature girders is very moderate 
trapared with that of a press having a cylinder of equal power 
aced centrally The difference in favour of the former is UH 
3 to 100 In effect, the bending stress is divided between the 
itablature girders and the crosshead or tool-holder, so that 
ie weight of each of the parts in question is not excessively 
javy, and for the same width between the columns tins 
instruction is lighter than in a single cylinder press. 
To ensure the parallelism of the crosshead a shank is 
tached to it extending upwards into a bored guide fixed 
ntrally over the entablature The ends are also fitted with 
ide blocks encircling the columns, the whole forming an 
verted T-piece guided at the top of the shank and at the ends 
the horizontal member. 

The pressure of the rams is transmitted to the crosshead 
rough long spherical-ended thrust rods seated on the cross- 
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head and near the lops of iho rams, wliich aro made hollow for 
tins purpose The aide strains which arise when the press is 
m action are thus taken on efficient guiding sm faces, leaving 
the rams perfectly free from all side stress With thin 
arrangement of guides no inconvenience is experienced from 
side strains even if the forging is pressed at a considoiahlo 
distance Irom the centre of the anvil, and it follows that both 
for handmoss in working, and for the range ot work that can 
be done, a two cylinder press of this type has advantages ovor 
a single cylinder press, in which the side slims has all to bo 
taken on the main lain 

In a single cylinder press it is usual to fit the packing leather 
to the top of the ram, but in the duplex press a groove is turned 
in the mouth of each cylmdci to receive the packing leathers 
so that the ram is the surface which works against the packing 
leather instead of the interior of the cylinder 

The advantage of this is that the rams are always exposed to 
view, and any scratches that may take 1 , place can be soon at 
once and remedied-, whereas if the packing leather is fixed to 
the top of the ram any grooving that may tako place will lie on 
the inside of the cylinder, and this canliot be delected until it 
destroys the leathei 1 It is also difficult and expensive to 
rectify any defect on the inside surface of the cylinders, whereas 
m the case of the rams the surfaces can be fully exposed by 
lowering the crosshead, and any defect is easily remedied by 
polishing the rams if occasion requires. The lifting cylinders 
have a longer stroke than the main rauw, so that these latter 
can be easily lowered down out of the cylinders for changing 
packing leathern 

PACKINU. 

For stuffing-boxes for rams, a gasket of hemp, plaited very 
tight, and well greased, is a very simple and durable packing. 
After it has become well consolidated the friction is but little, 
although at first it is considerable. A slight leak serves to 



46 HYDRAULIC POWER AND HYDRAULIC MACHINERY. 

lubricate the packing Where the packing is exposed to heat, 
hemp is a more suitable matenal to employ than leather. 
When the plaiting is done carelessly, the use of hemp IK 
attended with the objection that portions are liable to be torn 
off when the gland is first packed and woiked, and these 
pieces are liable to get into the valves The packing having 
to be compressed to meet the maximum pressure that the 
appliance may be worked at, the faction is a constant, although 
the machine may be woiking sometimes at a lower pressure, 
whereas with leather packing the friction varies directly with 
the pressme, and therefore the loss due to friction under 
varying pressures is less with leather packing than with hemp 



1. 



Fig. 28. 



Benjamin Hick introduced the use of cupped leathers into 
presses, and the experience of his descendant, Mr John Hick 
(referred to heieafter), affords valuable data as to the coefficients 
of friction with leather packing A cupped leather forms a self- 
tightening packing } and is very generally used, although it soon 
wears out and fails when the cup is not properly supported at 
the bend (where the greatest friction is). This should be dorto 
by the insertion of a ring or bush of brass or gun-metal, which 
prevents the rapid wearing away of the bend of the leather. It 
has been found that when the cup has been made with a square, 
instead of with a rounded, edge, the joint has not been so water- 
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tight. A form of packing which has been found to aiwwor woll 
in the cylinders of hydraulic capstans is shown in iig 28, 

Where the cup leather is placed in a shallow (instead of a 
deep) groove, there is not so much uood of tho support. The 
leathers are frequently made far too deep, and this loads to thoir 
being more liable to crack, and fail GruUa-percha or india- 
rubber cups, and brass or lignum vita: 1 rings, have boon used for 
packing, but on the whole the leather cup is tho beat, With a 
view to obviate the inconvenience and delay caused by tho 
failure of a leather packing, "Watson's patent double leathers" 
are used m some presses. The neck of oach cylinder has a 
provision for two leathers, one below tho other, no pressure 
reaching the upper one until the lower ono has worn out, or 
burst In that event the working of tho press is not stopped, as 
the second leather is brought into use by the attendant screw- 
ing down a valve while the press is working 

As the efficiency of hydraulic machines largely doponds on 
proper packing, too much care cannot bo taken in seeing that* 
good leather only is used, and that tho moulding of tho cups is 
well done. The leather employed for making tho cups ought 
to be of good and close quality, having had oil or tallow woll 
rubbed into it after taiimng. Before pressing tho leiithor in 
moulds, to make the cup, it should bo soaked in water till quite, 
pliable, and after being forced into tho mould it should bo lol't 
for about twelve hours, then taken out, trimmed, allowed to 
dry, and afterwards replaced in tho mould for an hour or (,wo, 
It can then be removed and dressed to tho roquirod shape, Tho 
presence of gritty matter in the water injuriously ullbotH 
leather packing, and involves froquont clumping of tho cups, 
Where dirty gritty water has to bo used, tho loathorn woar 
away very rapidly when the cups aro not kept constantly under 
pressure. If the pressure is taken off hydraulic muchinoH by tho 
accumulator resting on its bed, tho water goto botwoou I/ho 
leather and the ram ; and as soon as the accumulator rises off 
its bed, and the pressure comes on, a little gritty water passes 
between the leather and the ram, and causes the wear on the 
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packing An expedient which has been successfully adopted 
consists in putting a relief valve on the pipe that delivers wator 
to the accumulator from the pumps, and in leaving the suction 
valve always open When the relief valve is lifted, at the top 
of the stroke of the accumulator ram, the pumps boing always 
full of water, the accumulator cannot drop on to its hod. Tins 
pressure is in this way constantly kept on the leather, provont- 
mg leakage, and at the same time remedying the wear and tour 
of the packing The employment of a gun-metal lining to tho 
cylinder has been found to add to the life of tho leather 
packing The loss occasioned by friction m pumping into an 
accumulator having a well-packed stuffing-box (hemp pac.king 
being used) has been found to range from 3 to 8 per tiont. at 
700 Ibs pressure The difference of pressure during t/ho rio 
and fall of the accumulator represents from 1 to 2 per conk of 
the power 

Experiments made by Mr John Hick show that friction 
increases directly with pressure With leather packing for 
rams of different diameters, if the pressure per unit of uroa 
be the same, friction varies directly as tho diamotors, or UH 
the square roots of the gross loads Neither the depth of tho 
leather nor the length of the ram affects the total friction, 
since the effective portion of the cup is a curved mirfuc.o 
where the contact takes place With hydraulic maohiuos in 
good order, the amount of friction may be taken to bo 1 pur 
cent for rams of 4 inches diameter, and | per cent, for ranw 
of 8 inches diameter, as will be seen by the table below, 

From these experiments the following formula is deduced: 



Wheie F = total friction of leather packing, 
D = diameter of ram in inches. 
P = pressure per square inch. 
C = coefficient, 

= -047 1 with new, or badly lubricated, leathers 

G = -0314 with leathers m good condition, and well lubricated, 
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The following Table of Mr Hick shows the f notional 
resistance in percentage of the total hydraulic pressure for 
ranis from 2 inches up to 20 inches in diameter 



7) inches Fpoi cent D inches jPpei cent 



2 2 00 12 33 

3 1 33 13 30 

4 1 00 14 28 

5 80 15 0-26 

6 66 16 25 

7 057 17 0'23 

8 50 18 22 

9 0'44 19 21 

10 40 20 20 

11 38 



In this connection leference may be made to the arrangement 
for receiving the packing (described on p. 45) for the duplex 
cylinder forging press of Messrs Davy Brothers, where a 
groove is turned in the mouth of each cylinder to receive the 
packing leathers 

It is important, for the efficient working of hydraulic 
machinery, to have proper packing leathers. Much trouble 
and delay arises where this is not carefully attended to. 



ANJDEKTON I-IYDEAITLIC LIFT. 

Mr Leader Williams adopted hydraulic power for lifting 
barges to connect the river Weaver with the Trent and Mersey 
Canal at Andorton The difference of level being 50 feet, the 
process of locking had previously been tedious and expensive. 
The plan that was adopted consisted in constructing u wrought- 
iron aqueduct by which the canal was brought to a point 
where the barges could be best raised and lowered to and from 
the river. Mr Duer (who was resident engineer of this work) 
described it fully in a paper read before the Institution of 

Civil Engineers in 1876. 

4 
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The wrought-iron aqueduct was 162 fcei G inches long by 
34 feet 4 inches wide, m three spans of 30 feet-, 75 feot, and 
57 feet 6 inches, and was divided into two channels by a 
central web, the depth of it and of the sides being 8 fool G niches 
The water was 5 feet 3 inches deep, and with the aqueduct 
gave a total weight of 1050 tons This weight was partly 
supported by columns which rested on cast-iron cylinders con- 
taining concrete, carried on masonry foundations built on pilots, 
A water-tight connection was obtained by bolting the wrought- 
iron bottom-skin of the aqueduct upon a cast-iron bed-]>lato 
built into the masonry with a layer of red lead between. Tho 
outer edges were caulked with wooden wedges, and the* sidon 
run with Portland cement Each end of the aqueduct was 
fitted with wrought-iron lifting gates, made water-tight by 
india-rubber strips fitted between them and the aqueduct. Each 
gate weighed 27 cwt , and was counterbalanced by weights. Tho 
lifting of a gate was effected in a minute and a half by a crab. 
The gate was raised 7 feet 6 inches clear of the water, which 
3nabled the highest barge to pass under The lift was doublo, 
so that by means of two troughs, with their floating barge load, 
bhe upper one, m descending, could be adjusted by the admisKion 
D! water, so as to raise the lower one These troughs woro ouch 
75 feet long by 15 feet 6 inches wide. The lightor bargoH 
leld 30 tons, and the heavier 100 tons of goods. Tho trough H 
lad lifting-gates at their ends like those on the aqueduct. One 
jentral vertical ram, 3 feet in diameter, supported cadi trough, 
svhose weight (with the water and barge) was 240 tons, which 
s equivalent to a pressure of 4| cwt. per square inch of the rain. 
The rams were raised by presses controlled by au equilibrium 
ralve for opening and cloamg communication between them, 
A. 5-inch pipe connected these presses, and a 4-inch pipe convoyed 
.he water from the accumulator to the presses. One man in a 
ndve house at the top of the aqueduct worked the lift by 
neans of shafting and gearing When a trough descended into 
,he pit, it was immersed fully 5 feet. The depth of water while 
.he trough was being lifted, however, was not allowed to rise to 
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more than 4 feet 6 niches } the extra water was drawn off by 
syphons which dipped into the water while a trough was descend- 
ing The air within the syphon was driven out into the trough by 
its shorter leg, winch nearly filled the trough with water When 
it was again lifted, the syphon drew water (owing to the 
partial vacuum within it) out of the inside of the trough, and 
thus acted automatically Each trough could, if necessary, be 
lifted separately by the engine and accumulator, but this 
occupied half an hour, whilst the double lift was made in 
from two to three minutes -with a 1 h -p engine A single lift 
could only take two barges up, or bring two down m eight 
minutes, with an engine of six times the power required for 
a double lift. 

The abstraction of 15 tons of water from tho canal (represent- 
ing a layer of 6 inches over the bottom of the trough) provided 
the chief means required for raising a barge The remainder 
of the power (about one-twelfth) was obtained from a small 
steam-engine and accumulator. The double-lift arrangement 
enabled expedition and economy to be secured, as each press 
alternately utilised the weight of the trough, winch rested upon 
it, to raise the other trough fiom the low to the high level 

A saving of water cilso was effected as compared with locking, 
inasmuch as only 15 tons were used at each opeiakon of raising 
a barge, whereas with a fall of 51 foot through a chain of six 
locks, a much largei quantity would have been wasted. Under 
the most unfavourable circumstances (for instance, when two 
similar barges have to pass each other through locks with this 
fall) the column of water taken from the upper level would 
have been equivalent to the area of one lock multiplied by the 
total fall Tf, however, a series of barges had been arranged to 
follow each other in the same direction, less waste would have 
ensued. If six barges were to ascend with all tho locks empty, 
the first would take five lockfuls, and the other live would take 
one lockful each from tho upper level, making ton lockfuls for 
the ascending barges. A similar number of descending barges 
would take eleven lockfuls of water, making twenty-one 
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altogether, or 175 feet, whereas the lifts would have required 
six layers of water each 6 inches deep, or 3 feet, which was only 
1-7 per cent of that which would have been used for locking 
This lift was capable of taking eight barges up and eight down 
m an hour Assuming eight to have been laden with the 
average load of 25 tons each, the lift was thus able to transfer 
12,000 tons per week, at a cost of 216 pence per ton The 
paihamentary tolls were as follows Per ton for all goods, Id, , 
foi each laden barge, Is , for each empty barge, 2s. 6d. 

The failure of one of the hydraulic presses at Anderton led to 
much investigation, as other similar lifts were being introduced 
at various places in France and Belgium, one being at La Louviere 
on the Canal du Centre near Mons The observations that 
were made to determine the construction of the presses for the 
Louviere Canal lifts were interesting and important It was 
originally intended that the press should be of cast iron, 6 feet 8 
inches in internal diameter, with metal 4'72 inches thick The 
pressure in the cylinder being 28 atmospheres (about 420 Ibs 
per square inch), the extreme tension would have been 1 G5 tons 
pei square inch This was considered a safe load for the 
Belgian cast non, which bears a tensile strain of 11-43 tons per 
square inch The Teire Noire Steel Company of St Etienne, 
France, suggested a press of east steel, constructed m the same 
manner as an oidmary cast-iron press, but of less metal. Some 
of these imgs were cast and tested One of them was kept 
under a pressure of 46 atmospheres for two hours, and proved 
perfectly water-tight Trial bars cast at the same time broke 
at 31 16 tons per square inch, with an elongation of 8'6 per 
cent Another ring, chosen haphazard, was tested. At 50 
atmospheies an elongation of 157 of an inch was measured, 
On removing the pressure, the press returned to its original 
dimensions At 75 atmospheres the elongation was 197 of an 
inch, and at 80 atmospheres the press suddenly failed. On 
examining the fracture a fault 5 inches long, and extending 
nearly through the whole thickness of the metal, was seen, due 
to a scale from the mould becoming detached, owing to' the 
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high temperature of the casting Judging from tho trial bars, 
the press should have withstood 240 atmospheres Owing 
to this failure it was determined to abandon UILS form of 
construction. 

Messis Gail of Pans next proposed a press of atool plates 
bent into a cylindrical form (like a boiler), with ri vetted butt 
joints having internal and external cover-plates. A trial length 
was built up m rings 6 feet 3 inches high, with covormg-rmgH 
at the joints. The steel plate was 1 02 inches thick, with a 
working tension of "717 tons per square inch. Although tho 
rolled plate would stand 38 tons, the weakening due to nvotting 
reduced the margin of safety, and the joints could not be made 
water-tight A trial length leaked badly under -10 atmospheres, 
and at 35 the pumps could not make up the leakage -Ulti- 
mately, the pi ess cracked through the cover-plate and Home of 
the rivets started, at a pressure which could not ho doiimtoly 
ascertained, but was between 48 and 70 atmospheres. 

While these trials were going on, Messrs Clark & Standfiold 
had been dn acting their attention to the placing of steel hoops 
round the cast-iron presses The practical difficulty of getting 
the hoops over the flange of the press presented itself, and it 
was decided to make the hoops at the joints with flanges like 
the tire of a wheel To prevent tins flanged tiro from being 
dragged off, a small projection was left on tho body of tho proas, 
the heated tire was then pasaed over this, and, in cooling, it 
fitted tightly behind it. M, Kraft, chief engineer of tho Roci(H6 
Cockerill, gave much consideration to tho oalc-ulationn J'oi,uiid 
the method of constructing, these proKsoa, and a trial Hogmont wan 
made by the Soci(.H(5 Cockerill, as shown in fig. 29. This WHH 
tried under hydraulic pressure, the expansion boin^ moammid. 
by a thin strip of metal put round tlio cast-iron cylinder, and 
another strip round one of tho stool IIOOJJH. The two ondH of 
each strip wore connected by moans of a Hpriug adjusted by a 
screw, and were also joined to tho short ends of an arrangement 
like proportional compasses, set to a ratio of 12 to 1, By this 
means any slight opening of the ends of the strips, caused by 
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the expansion of the cylinders, was shown twelve times its 
actual size on the long arms of the compasses Owing to 
friction (which was, however, reduced to a minimum by lubrica- 
tion) and other causes, the measurements were not absolutely 
coirect, but the instrument was found to be very sensitive a/id 
constant A satisfactory trial took place m the presence of the- 
ministers, and many Belgian and French engineers interested in 
the undertaking 

In addition to this trial, M G-enard (on behalf of the Pouts 
et Chaussees) and Mr Lyonel Clark (on behalf of Messis 
Claik & Standfield) carried out a series of exhaustive trials 
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3n the segment, for the purpose of finding out as nearly aB 
possible the conditions of the several portions of this com- 
posite construction under various strains. It is evident that 
bhe cast-iron body is subject to a strain at the part covered by 
bhe steel coil entirely different from that to which it is subject 
slsewheie Very many experiments were made, the pressure 
being increased gradually, and a measurement being taken at 
3ach increment of ten atmospheres The mean of these, 
corrected for atmospheric temperature and other causes, was 
soken, and a normal curve plotted, which gave as the elonga- 
tion on the cast iron between two coils, and elongations on one 
rf the steel coils, the results shown by Table I. 
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Were the press a plain cylinder, it would be easy to deduce 
the tensions from these elongations, supposing the different 
coefficients of elasticity of the metal under the diiferont 
tensions to Toe known, but in either case, before pressure 
was put on the press, the steel coil was already compressing 
the cast-iron body to some extent. The tensions had, therefore, 
to be deduced in two ways, by calculation and by graphic- 
means. The sizes to which the coil was bored, and the proas 
turned, were accurately known, and a pressure which would 
compress the cast iron and elongate the steel coil until Ihey 
became of equal length was deduced Although following 
different methods, both M. G-enard and Mr Clark obtained 
nearly the same results. M Gdnard found the pressure 
existing between the coil and the press to be 14 atmospheres, 
whilst Mr Clark found 13| atmospheres When considering 
the measured elongations, the tension on the cast-iron body 
of the press is evidently relieved by this exterior pressure of 
14 atmospheres, whereas the tension on the stool coil is 
increased to the same amount They, therefore, found that 
the tensional strains were as shown in Table II The strains 
at A are those on the cast-iron press directly under the steel 
coil, and those at B on the steel coil itself 

It will be noticed that, with the interior pressure of 10 
atmospheres, the cast iron is still in compression, owing to the 
shrinking of the steel coils. 

For that portion of the cast-iron part of the press which 
does not lie directly under the steel coils, it was more difficult 
to calculate the tensions, for it was nearly impossible to find 
out to what extent the shrinkage of the steel coil influenced this 
part It evidently lay between the maximum (that is, assuming 
this part to be as much affected by the shrinkage of the coil 
as the part directly under a coil) and the minimum, assuming 
the coil to have no influence Table III. shows the results. 

The ordinary working pressure of these presses was 35 
atmospheres (517 Ibs. per square inch) In this condition, then, 
the strain on the cast iron under a coil was 1'35 kilogrammes 
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pei square niillimeiie ('857 ton per square inch), for iho cast, 
iron between two coils, 3 175 to 3 475 kilogrammes por square 
millimetre (2 01 to 2 2 tons per square inch), and for tho Btorl 
coil itself, a tension of 6 4 kilogrammes por square millimetre 
(4 06 tons per square inch) 

The limit of safety fixed by the Belgian Government Id- 
cast iron under tension was 2] kilogrammes per square milli- 
metre (1 59 tons per square inch), and for the steel 7 kilo 
grammes per square millimetre (476 tons per square inch) 
It is evident, however, that although that portion of the east 
iron which falls under the coils, and also for some distance on 
each side of it, is working under safe conditions, there IB 
a poition which exceeds these limits It was, therefore, 
decided by the Goveinment that whilst accepting this form 
of pi ess, they considered it desirable that a greater number of 
coils should be shrunk on, and it was eventually decided to 
make these coils continuous from top to bottom. 

In designing these lifts, the principle of the Andcrton lift 
was followed, varied, however, in one important point. It has 
been stated, when describing the Anderton lift, that the upper 
trough with its barge is made heavier than tho lower one, 
by the addition of a layer of 6 inches of water, which forces 
the lighter one up When the heavier one, however, enters 
the watei at the low level, the displacement of the water 
diminishes its weight, and requires the action of a differential 
accumulator to complete the work, by supplying the power 
necessary to overcome the difference of weight, and to force 
the rising trough to its proper height. In these lifts Urn 
accumulator, with the engines, boilers, pumps, and labour, arc 
dispensed with, by arranging the works so that the descending 
trough is received in a dry basin from which tho low level 
water is excluded by a gate similar to that applied at tlio high 
level This alteration in the design enables the descending 
trough to complete the operation of raising the other trough 
through the full stioke of the ram. Fig. 30 gives a general 
view of the hydraulic canal lift at La Louviere 
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BAKTON CANAL AQUEDUCT, MANCHESTER 
SHIP CANAL 

In iho construction of the Manchester Ship Caual the then 
existing Bndgwater Canal had to be dealt with, as it crossed 
the Ship Canal An interesting description of the work at 
this point was given by Sir Leader Williams at tho Institution 
of Civil Eugmeeis in 1897 Ho stated that the limited water 
supply of the old canal, the loss of water and time that would 
have occurred if two sets of locks had been constructed to 
enable barges to cross the Ship Canal on its level, as well as the 
inconvenience to vessels using the larger canal, made it advisable 
to adopt a movable aqueduct, which was an interesting way of 
dealing with the crossing of two canals, as a trough filled with 
water was swung like a swing bridge on a central pivot, leaving 
a passage on each side for vessels to pass along the canal, and at 
other times it was closed, enabling the Bndgwater Canal vessels 
to pass over (see Plate 7) The success of the lift at Anderton 
(referred to elsewhere) suggested that the same principle 
might be used for a swing aqueduct The result is that tho 
first canal aqueduct, constructed 136 years ago by Brmclley, 
has been replaced by the first one made to open to allow vessels 
to pass through The old aqueduct was constructed of stone 
and brick, with three arches, the canal waterway being 18 feet 
wide and 4 feet G inches deep. The new aqueduct has two 
movable spans of 90 feet each, with a waterway 19 feet wide 
and 6 feet in depth, it works on a central pier 400 feet 
long and 50 feet wide, which carries also the adjacent road 
bridge. 

The pier is mainly built of cement concrete with brickwork 
and granite in the part that takes the weight of the aqueduct, 
1400 tons, including the water which is always in the iron 
trough through which the barges pass The sides of the trough 
are 1 foot above the water-level , it is carried by side girders 
234 feet long, 22 feet 3 inches apart from the centres of the 
girders, which are 33 feet deep, tapering off' to 28 feet 9 inches 
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at the ends, with a side tow-path carried on a gallery 9 feet 
above the water-level Water-tight iron swing-gates are 
provided at each fixed shore-end and also at each end of the 
trough . when all fom gates are open, barges pass along the 
canal as usual If a ship is to pass through the aqueduct, all 
the gates are closed, the shore-gates keeping back the water in 
the canal, and the other gates confining the water in the trough 
when it is swung open for the passage of the ship. The gates 
are worked by hydraulic power, as is also the trough, which 
can be swung with barges m it, the gross weight to be moved 
remaining the same At each end of the trough a water-tight 
joint is made by an iron wedge-piece of the shape of the cross 
section of the end of the trough, both ends and bottom being 
faced with india-rubber. The fixed and movable ends of the 
aqueduct are slightly tapered and about 1 foot apart This 
vacancy is filled by the wedge-piece, which weighs about 12 
tons, and is lifted by four hydraulic rams, sufficiently to allow 
the trough to be moved, the water between the gates being 
passed off into the Ship Canal. The junctions just described 
are not at right angles to the trough, but are slightly diagonal, 
so as to allow sufficient clearance for moving the trough After 
it has been again closed, the wedge-piece is dropped on to ita 
seating, being of the same taper as the ends of the trough and 
aqueduct 

The arrangements of the annular girder, rollers, etc , are the 
same as those for the heaviest swing-bridges, but half the 
weight of the movable portion of the aqueduct is taken by a 
central hydraulic press, 4 feet 9.J, inches in diameter and 2 
feet 3 inches deep, which acts as the pivot and is free to turn , 
a hydraulic buffer and looking bolts are also provided The 
power is obtained from the adjacent hydraulic station, which is 
also used for the road swing-bridge; both are worked from a 
high brick tower on the central pier. The aqueduct has never 
given any trouble, working quickly and with smoothness a 
result for which much credit is due to the constructors, Messrs. 
Handyeide & Co. 
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HYDRAULIC HOISTS LIFTS. 

A cage laiseil and lowered on the top of a rain (tho cylinder 
being sunk in the ground) is the simplest form of hoist Pro- 
vision in this case has to bo made for a varying weight duo 
to the altered condition of the load As the rain HBOH, tho 
head and pressure diminish, whilst tho weight of tho ram m- 
ci eases, as it is less and less immersed in tho water A counter- 
balancing weight is, therefore, leqiured to lower the eago when 
empty, and to adjust the varying weights of the chain as tho 
cage uses and falls, and also to balance tho weight of tho rain 
The counterweight is usually attached to the chains connected 
with the cage, and passing over fixed sheaves ut tho top of tho 
lift-framing The amount of weight to be provided muni bo 
sufficient to balance the cage and the whole weight of the, 
ram when at the top of the stroke, mums the weight of tho 
chain which then assists the counterweight When tho ram 
is at the bottom of the stroke, the counterweight mu.st balance 
cage, ram, and chain, the weight of the ram being thon lows 
than when it was at the top of the stroke, owing to water 
surrounding it It will be seen that where the wuight of a 
direct-acting ram is counterbalanced, the ram is subjected to 
both tensible and compressive strains, according to whether 
the lam is being pulled by the counterweight or puwhoit by 
the water-pressure If, on the other hand, the countorweightH 
are omitted, the amount of water consumed to raise tho load 
is greater in proportion to the useful work clone. 

Hydraulic power has a large field for useful employment in 
the direction of working lifts in offices, hotels, and private 
houses, where the height of the upper floors renders Homo 
mechanical appliance necessary. 
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THE OTIS ELEVATOR. 

The low pressure of water companies' mams is capable of 
being utilised for lifts. A good form of low-pressure lift is that 
which is known as the " Otis Standard Hydraulic Elevator," 
manufactured by the American Elevator Company The 
mechanical arrangements which aie characteristic of this lift 
are shown m detail by Plate 8 The motor is a cast-iron 
vertical cylinder A connected by a tee C to a smaller cylmdei 
B, the bottom of which rests in the water-chest D, connecting 
with the valve through the port E The cylinder A is con- 
nected with the valve through the port F The valve is a 
piston valve with a rack attached to the top of the piston, and 
is worked by the sheave T, attached to the pinion shaft, and 
controlled by a hand rope S passing through the car In the 
cylinder A is a piston G connected by means of two piston rods, 
which pass through stuffing-boxes 1ST to a crosshead K This 
crosshead rests in a double strap I, which holds the travelling 
sheave H, connected with the car by means of four independent 
wire cables, one end of each being fastened to a hitching block 
by means of fork rods The other ends, after passing under 
the travelling sheave H, and over the overhead sheave R, are 
led, two on either side, to the bottom of the car, where they 
are attached to the ends of the safety platform upon which the 
car rests 

The piston and the car thus travel 111 opposite directions , 
the former, with its attachments, balances a certain proportion 
of the dead weight of the car The rest of the dead weight is 
counterbalanced by cast-iron blocks L placed in the strap 1. 
Owing to the sheaves H and R the car has a travel of twice 
that of the piston G- (the travel of which is never more than 
about 30 feet) so as to retain the solid column of water under- 
neath it by atmospheric pressure, when it is at the top of the 
cylinder. The motive power is usually the hydrostatic pressure 
from the elevation of a cistern, so that the pressure rarely 
exceeds 40 Ibs. per square inch.. The speed is usually 300 to 
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4-00 feet per minute There are three pistons in the valve 
connected by a stem, the upper one being for the purpose of 
preventing the water from escaping through the valve cap at 
the top of the valve The pressure on the bottom of this upper 
valve piston is equally on the top of the second piston, and 
enables the valve to be raised or lowered without effort. 

The area of the cylinder A is made proportionate to tho load 
to be lifted The downward pressure is always constant on tho 
piston G, but downward motion is impossible until the column 
of water which is underneath the piston G- is allowed to movo 
by the opening of the valve. The exhaustion of tho column 
underneath the piston G- is effected by raising the valve piston 
until it occupies the space between the ports E and F, as in 
fig 2. This raising of the valve piston opens connection 
between the port F and the discharge pipe, enabling tho 
column below the piston G to discharge, and tho hydrostatic 
pressure on the top of the piston G to become effoetivo in 
forcing the piston down to the bottom of the cylinder. 

The column of water below the piston G will not fall away 
and discharge unless there is a pressure on the top of tho 
piston, even if the piston G is at tho top of the cylinder, UH bho 
column of water under the piston G is never more than SO feet 
in height, and this column is sustained by atmospheric pressure, 
The available pressure is always the same throughout tho entire 
stroke, for what is lost m head (when tho piston G is nour 
the top of the cylinder A) is balanced by the weight of tho 
column which hangs to the bottom of the piston ; and as the 
piston descends and the head increases, tho weight of tho 
column underneath the piston decreases 

For lowering the car, the valve piston is lowered below tho 
port F into the discharge, and thus the pressure (which is also 
in the circulating pipe B) acts under the piston G as well as 
on the top of it. The pressure being thus neutralised, the car 
descends by gravity, raises tho piston G, and displaces the 
column of water on the top of it. This water passes through 
the port C into the tee, and being prevented by the greater 
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pressure fiom going up the supply pipe, it passes through the 
circulating pipe B into the valve, back through the port F 
under the piston G, filling the cylinder A under the piston, as 
the piston ascends The discharge of this water is prevented 
by the position of the valve piston, as shown in fig 3, and thus 
the water which was on the top of the piston G- is led below it, 
ready to be discharged the next time the car is raised. The 
solid column of water thus acts on both sides of the piston, so 
that no action of the piston can take place without a displace- 
ment of water, which can only be produced by a change of the 
position of the valve All motion is stopped when the valve 
piston covers the port F (as in fig 1) without regard to the 
position of the piston G, for the column below the piston G 
cannot be discharged while the valve piston is covering the 
port F Nor can circulation take place, because that same posi- 
tion of the valve piston prevents the flow of the water from the 
circulating pipe B undei the piston G, tho head in the supply 
preventing the water above the piston G- from being forced 
up the supply pipe 

Attached to the piston G is a cast-iron apron, or follower, 
which automatically cuts off the discharge at port F, in the 
downwaid siroke of the piston Tho discharge is cut off before 
all the water is exhausted from the bottom of 'tho cylinder A, 
and, therefore, this water forms a cushion on which the piston 
seats itself gradually To prevent the accumulation of air 
underneath the piston G, an air valve is attached to the 
piston by which tho air passes through the piston to the top 
of the cylinder A, and then either passes out through the 
supply pipe or is exhausted by inoaiiH of a jet cock M. 
When the travel of the piston G is suddenly arrested, the 
shock is overcome by means of a relief valvo, connecting 
the water-chest D with the port F, enabling the water 
under the cylinder to communicate the shock through this 
valve to the column in the water-chest D and circulating 
pipe B, on into the supply pipe. In case of a sndden 
stoppage of the piston G in an upward stroke, the shock finds 

5 
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vent through the port C up into the supply pipe, and IK also 
overcome 

There are never less than four cables used, and the smallest 
size is half an inch diameter. The diameter decided upon in 
each case is such that any one cable shall have many times the 
necessary strength to do all the work These cables are HO 
attached that they receive an equal strain, and in case of the 
breaking of one, there is nothing to occasion the breaking of 
any of the others The four cables are attached to the safety 
platform underneath the car, and are so arranged that the ear 
will not work unless the strain on each cable is equal. By this 
means the mere stretching of one cable makes it impossible to 
run the car until the stretch shall have been adjusted by moans 
of the fork rod, by which it is attached to the hitchmg-1 >loek. 

Under the car is a safety platform, consisting of hard wood 
faced wifch iron plates. At each corner is an iron shackle rod, 
to each of which a cable is attached. These shackle rods arc 
fastened to an equalising bar underneath the platform, which 
is held by a pivot in the centre, and so long as the strain upon 
the two cables is equal, the bar will retain a horizontal position, 
but the stretching of a cable will allow the bar to leave its 
horizontal position, in either one direction or another, according 
to which end receives the greater strain. The shape of this 
equalising bar is such that, when it leaves the horizontal 
position, the forged projections of the bar come in contact with 
other forgings, which are a part of the wrought-iron rod that in 
extended from, end to end of the safety platform on its under- 
side. One of the forgings of this rod is a linger with toothed 
end. The normal position of this finger is just below a brass 
wedge which travels with the safety platform, and is held in 
place by means of a shoulder both on the top and side, and is 
thus prevented from falling out. The platform is grooved at 
either end to receive the hard wood slide on which the car 
travels. The jaws and ends of the safety platform are faced 
with heavy iron plates. The position of the wedge is between 
the guide and one of these jaws, and, from its shape, a pressing 
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in of the wedge creates so great an amount of friction that this 
car cannot travel The wedge is pressed into its place by tho 
finger before alluded to, and that finger is in turn worked by 
the mere stretching of a cable. Each end of tho .safety platform 
is equipped alike, and tho rod winch passes underneath the 
platform connects the two ends, so that action at either end 
necessitates the pushing in of the wedges at both ends Those 
wedges cannot slip out of position, nor can tho slides warp out 
of place, or fail to be wedged. An adjustment and equalising of 
the tension of the cables which may have stretched, will at once 
remove the fingers which press in the wedges, and an upward 
motion of the car itself would at once release the wedges, owing 
to their shape. Downward motion is then possible, but it LS 
impossible until the tension of the cables IB equalised H 
follows, then, that the heavier tho weight in tho car, tho greater 
the power there is pressing m those wedges and tho tooth of 
the end of the finger, which comes directly in contact with each 
wedge. 

There is also a safely governor which has a separate attach- 
ment to the car by means of an independent wire cable This 
passes through the governor, under a sheavo at the bottom of 
the well in which the car runs, and back again to (,ho side of 
the car, where both ends are attached Tho governor in made 
for whatever speed may be desired, and any speed in OXCOBH of 
that would cause it to act 

Messrs Tommasi and Heurtvisd have devised a plan to 
balance the dead weights by moans of a second hydraulic 
cylinder placed closed to tho lifting cylinder, and commoted 
with it The ram in this second cylinder is loaded HO UH to 
balance the lifting ram and cage when at the bottom. It IHIH 
a larger area but shorter stroke than tho lift-rum, and in con- 
tinued of the same diameter, through a skiilmg-box, to another 
cylinder above it. The pressure in this latter cylinder, acting 
on the ram, balances the lifting ram in tho lifting cylinder with 
its cage when at the bottom. Counter- weights serve to further 
balance the lifting ram as it rises, so that the pressure required 
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to be applied to the lifting ram is only that which is necessary 
to raise the people in the cage, and the lifting ram IB (as it 
should be) always in compression 



GLASGOW HARBOUE ELEVATORS. 

The elevators at the Glasgow Harbour Tunnel (of which 
Messrs Simpson & Wilson were the engineers) are worked 
by hydraulic power, and a description of them was given 
in EmjineQ'nng in 1895 (when the tunnel was opened for 
traffic). They were constructed by the Otis Elevator Company, 
and deserve special mention, as they wore more powerful than 
any that had been then made, the load being 12,000 Ibs. and 
the maximum lift 72 feet They work m the shafts on the 
north and south sides of the harbour, there being six in each 
shaft three for lifting and three for lowering vehicles, for 
which they are intended, as the passenger traffic is served by 
inclined approaches to the tunnel and stairs. 

The guides for the cars consist of posts of box section 10 
inches by 12 inches, with cross struts at three intermodiato 
points Bolted to the guides are three thicknesses of pitch pine 
spiked together 

The elevating or lowering car has an automatic balanced 
lever arrangement to stop it on reaching the end of its 
journey 

The main elevating and lowering valves are identical, except 
that one of the bottom cups of the lowering valve is reversed 
for lowering. The fact that three elevators are usod for lowering, 
aud three for raising, involved some interesting features The 
elevating machines have cylinders 13 inches in diameter, with 
a ram 10 inches in, diameter, and the lowering machines 
a cylinder of 11^ inches in diameter, and a ram 10 inches 
m diameter. The lifting machine, in contradistinction to 
the lowering machine, has a preponderance of weight on 
the car side, so that it will just descend at a given speed by 
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gravity, the mam valve being so connected that pressure is 
admitted above the piston to lift the load, or communication is 
established from above the piston to the discharge tank, the 
car descending The machine, however, uses water piossure 
in proportion to the load lifted, there being two powers For 
loads of 6000 Ibs or less, the motor uses 37 8 gallons in lifting 
the load 74 feet, and above 6000 Ibs load the consumption 
of water is 70 7 gallons for the same travel This change 
of power is entirely automatic in action, and is brought 
about by the use of a valve designed by Mr Thorpe 

A small piessure pipe from the hydraulic-pressure mams 
communicates with the cylinder above the piston of the Thorpe 
valve, while below the piston is a pipe communicating with the 
main cylinder head The pressure in the latter pipe is propor- 
tional to the load upon the elevating car. The areas above 
and below the piston of the valve are so proportioned that, 
at the desired changing point, viz, 6000 Ibs., the effort beneath 
the piston exceeds the effort above, and the valve rises. In 
other words, it may be described as follows: In raising a car 
with a load of less than 6000 Ibs as above, the Thorpe valve 
remains closed, so that the water beneath the mam piston lifts 
the balance check valve, and is forced into a pipe connected 
to the main cylinder head When lowering the car, however, the 
balance check valve closes, and the unbalanced check valve lifts, 
thus opening communication from below the piston to the 
discharge tank An amount of water equal in volume to the 
space beneath the piston is drawn in bolow the piston, and on 
the reverse stroke, or when lifting, this water is introduced 
above the piston. Thus the actual amount of wator used is 
equal to the displacement of the plunger only. When lifting 
loads exceeding 0000 Ibs., the preponderance of oHort is bolow 
the piston of the Thorpe valve, causing it to rise and open com- 
munication directly between the valve and the discharge tank. 

The lowering cylinder is llf inches in diameter, and the ram 
10 inches in diameter. The weight of the car is overbalanced, so 
that the tendency of the unloaded car would be to rise, but when 
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loaded, to descend, thus using no water, the water in this case 
serving only as a brake. The mam valve, therefore, has no 
direct communication with the accumulator pressure (which 
is 750 Ibs. per square inch), but simply controls the ogress of 
water below or above the piston for the ascending empty car 
or descending loaded car. In cases, however, of a vehicle being 
too light to overcome the overbalance and friction of the 
machine, there is a pressure valve worked by a lever alongside 
of the mam lever on the operating gallery. By means of this 
valve the accumulator pressure is introduced below the mam 
piston, and by placing this valve in the opposite position, 
pressure is obtained above the piston, in which way the machine 
may be used lor lifting purposes Attached to the lowering 
machine is a speed governor or controller, so that with the 
main valve fully open for the down motion there is practically 
no variation of speed, with just sufficient load to make the car 
descend, or with the car loaded to double its capacity. 

At the head of each lowering cylinder is a safety valve, so 
that pressure above a certain point cannot bo reached. There 
is also a similar check or relief valve, so that should the 
pressure be admitted from the auxiliary valve to the top of 
the main cylinder and the main valve be closed, a pressure 
above that in the mains could not be produced below the main 
piston. This check valve opens against and directly into the 
pressure mams. In the same manner, were the car ascending 
empty, ie. by gravity, using no water, and the main valve 
suddenly closed, this relief would open, preventing the 
slackening of ropes, and gradually absorbing the inertia of the 
machine. 



MERSEY RAILWAY LIFTS 

The railway tinder the river Mersey (which was constructed 
by the late Sir James Brunlees and Sir Douglas Fox, and was 
opened by the then Prince of Wales in January 1886) has 
at each extremity hydraulic lifts for conveying passengers and 
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their luggage from the deep undergiound stations at James 
Street and Hamilton Street to the daylight stations on the 
street level above Particulars of these lifts were given in a 
paper read at the Institution of Civil Engineers by the late 
Mr Eich (of the firm of Eaaton & Anderson, their constructors). 
Hate 9 shows the arrangement The lifts at the James Street 
station have a stroke of 76 6 feet, and at the Hamilton Street 
station 87 7 feet At each station there are three lifts 
independent of one another, each being capable of raising one 
hundred passengers at a time The maximum load clue to 
passengers is taken at 15,000 Ibs The lifts are direct-acting, 
with rams of hollow steel 18 inches in diameter, with balance 
chains and counterweights The ascending cage is 19 feet 
G inches long by 16 feet 6 inches wide and 8 feet 10 inches 
high They are worked by low pressure water derived from a 
tank, aided by water pumped by steam-power direct into the 
lift supply-pipe The water is discharged by the descending 
cages into an underground tank, from which it is pumped 
back to the high level tank 

The several lifts are contained in rectangular vertical shafts, 
21 feet long and 19 feet wide, partly excavated out of the 
solid red sandstone, and partly in walls of brickwork. In the 
centre of each lift space a boring has been carried vertically 
beneath the floor to a depth of 75 feet to receive the lift 
cylinders, which are of cast iron, 21 inches internal diameter 
and 1 inches thick, bolted together m 12-feet lengths The 
rams are 18 niches outside diameter and | inch thick, con- 
structed of mild steel tubes m lengths of 11 feet 6 inches, 
and connected together by internal screwed ferrules, 6 inches 
long and 15| inches internal diameter. The cage is guided 
and kept m position by four cast-iron guide brackets (of a 
V-shape) 16 inches long. From the side girders two chain 
pulleys, 4 feet 8 inches m diameter, are suspended. Between 
each pair of them is a counterweight weighing 7620 Ibs, 
capable of being increased by smaller weights of 90 Ibs. each 
to balance the lift. A large self-acting flap-valve admits 
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water automatically to tho lift cylinder from the exhaust, 
if the starting valve is closed too suddenly during the ascent 
of the lift The stroke of the hand-rope, from full prossuie 
to full exhaust, is 9 feet, which enables the starting and 
stopping to be effected quietly. Three 7-mch mains descend 
to each lift from tho bottom of the supply tank, with tho 
necessary valves to control the service The speed is about 
2 feet per second, and tho average journey is accomplished 
in from thirty to forty seconds The three lifts at each 
station are capable of working simultaneously, raising three 
hundred passengers in about a minute Tho total cost of the 
six lifts with all machinery was about 20,000. 



OITY AND SOUTH LONDON RAILWAY LIFTS. 

These were described by the late Mr Greathoad in a paper 
read at the Institution of Civil Engineers in November 18 OH 

It was decided to adopt suspended lifts in preference to 
direct-acting lifts, as being lighter and, for large lifts, more 
rapid, and, owing to the absence of deep wells, as having every 
part open to inspection and accessible at all times. It may be 
interesting to note that this application of the suspended form 
is a return by Messrs Sir W. G- Armstrong, Mitchell & Co., 
to the original lifts of Lord Armstrong, introduced nearly iifty 
years ago and described in the Proceedings of klw Aistitution, 
vol ix, p 376. Suspended lifts would not in all cases- bo the 
best form, direct-acting lifts having preponderating advantages 
m many cases. 

There are two lifts in the 25-foot shaft at each station, of 
depths varying between 43 feet at Stockwell and 67 foot at 
King William Street. The cages are approximately semicircular 
in plan, and each accommodates between fifty and sixty 
passengers, who enter and leave at either end, The lifts are 
worked quite independently of one another. The whole of the 
lifts are worked by pumping engines placed in tho engine-room 
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at Stockwell, where the pressure in the mam is about 1200 Ibs 
per square inch The pressure and return-water pipes are 
carried upon brackets placed in the tunnels. In addition to 
the mam accumulator at Stockwell, another is placed in the 
stair-shaft at the "Elephant and Castle" station for the 
purpose of equalising the pressure 



LIFTS FOE SUBWAYS 

Hydraulic power has another new Held for utilisation in the 
direction of working lifts for subway traffic, both vehicular and 
passenger In many cases where the construction of a bridge 
to convey traffic over a river is objectionable, a subterranean 
communication has been difficult to make, owing to the 
approaches to the subway being impracticable. Mr Greathead 
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and Sir William Armstrong, Mitchell & Co., have given much 
attention to the question of providing hydraulic lifts which 
would enable the long and expensive approaches to a subway 
to be dispensed with, and which would at the same time meet 
uninterruptedly the demands of a large vehicular traffic. 

An example of this is shown by fig 31, which represents 
the arrangement of hydraulic lifts which it was proposed to be 
placed on Tower Hill and on the Surrey side for giving access 
to and from a subway under the Thames where the Tower Bridge 
has been since constructed. Two series of cages or compart- 
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menls (which were to be well lighted) were arranged to admit of 
free ingress and egress for the traffic going in both directions. One 
series was for lowering the traffic going southwards through tho 
subway, and the other was for raising tho traffic coming north- 
wards from the subway Each of tho compartments was of such a 
size as to take either tho laigost vehicle and four horses, or a 
tramway car and horses, or two smaller vehicles and their 
horses The working of the lift is as follows- A vehicle 
arriving would pass into, say, tho first of those largo com- 
partments, and be lowered immediately to tho roadway below 
The vehicle following would pass into the next compartment 
and bo lowered By the time the last of tho series of lifts or 
compartments had gone clown, the first would be back again 
at the surface for a repetition of the operation, Tho traffic 
would thus pass down continuously on that side, whilst a 
similar series of lifts at the other end would m a similar way 
take it up. The cost of the whole communication, including 
subway, shafts, lifts, subway for foot passengers, etc , in com- 
plete working order, was estimated to be 2 8 0,0 00, while a 
similar communication with inclined approaches would cost 
probably three times as much, and would involve the 
demolition of buildings and tho displacement of population. 

A subway can thus be approached at whatever depth it 

might be below the surface, and without tho difficulty 

attending approaches with steep gradients, provided the 

number of lifts be proportioned to the traffic Tho advantages 

of such a system of lifts are apparent. The continuity of 

traffic is not interrupted as in the caso of a ferry or an 

opening bridge. No inclines have to be surmounted, Owing 

to the distribution of the traffic through a series of cages, the 

working expenses of lifts are in proportion to the traffic, 

whereas when large platforms aie used, as hitherto, capable of 

taking a considerable volume of traffic, the working expenses 

are frequently out of proportion to the trallic, because at slack 

times the large platform is set in motion for one small vehicle. 

There is a great saving in first cost of communication compared 
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with the cost of a subway having inclined approaches, or with 
a subway having a large platform By the multiple-lift system 
struts can be put between the deep walls of the shafts (as 
shown, in fig 31), which would be impossible if the single-lift 
system were employed An arrangement of lifts like these 
effects a great saving of time to vehicles passing from bank to 
bank of the river For instance, the lifts in the case shown by 
fig 31 would take half a minute to go clown and the same to 
go up, and assuming a vehicle to travel at three miles an hour 
through the subway, it would only take five minutes from 
bank to bank. 

The cheaper means of making communications under rivers 
which this system of lifts affords, appears to open out a very 
important extension of the application of lifts In some cases 
any additional communication has of necessity to be cheaply 
effected The amount, or nature, of the traffic in many cases 
is such as to require that only a small outlay is incurred to 
make the work remunerative 



WAGON LIFTS. 

Plate 10 shows two direct-acting wagon lifts which have 
been recently erected by the Hydraulic Engineering Company 
for the London and North-Western Railway, at their Goods 
Depdt at Haydon Square. Each lift is capable of raising and 
lowering loads of 20 tons through a height of about 21 feet, 
at a speed of about 100 feet per minute, with a working 
pressure of 600 Ibs. per square inch The rams are arranged 
to return water to the accumulator when lowering. 

The lifting rams are three in number, the two outer ones being 
7| inches diameter, and the centre ram 8| inches diameter, 
working m separate cylinders, side by side, under the centie of 
the platform. 

The rams are so proportioned that the centre one will raise the 
empty platform, the two outer ones will raise an empty wagon 
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in addition, and the three rams together will raise full wagons. 
In lowering with empty wagons of a maximum weight of ahout 
4| tons each, the centre ram returns its water to the accumulator 
When lowering loaded wagons of a gross load of not less than 
about 15 tons the two outer rams return their water to the 
accumulator. All three cylinder's are exhausted to lower the 
empty platform. 

When not taking pressure water, the lifting cylinders are 
filled from a return tank. 



NEW HYDKAULIC LIFTS OF THE EIFFEL TOWEE 

An interesting description is given m Lc G/fnie Qwil t 1900, 
of new hydraulic lifts which were put in the Eiffel Tower m 
view of the Exhibition of 1900. 

These were fixed in the eastern and western pillars of the 
Tower, and each is arranged to carry 8000 passengers in ten 
hours to the second stage, a height of 374 feet The general 
conditions to be fulfilled were to raise 100 passengers (nearly 
7 tons), the cars weighing over 9 tons, at a maximum speed 
of 8 feet per second, absorbing approximately 420 h.-p By an 
arrangement of high and low-pressure accumulators (the latter 
being charged by the down journey of the cars) the mean horse- 
power required to be maintained by the pumps is reduced to 
about 70 h -p Three accumulators were used, two high- pressure, 
working at 770 Ibs, per square inch, and one low-pressure, 
working at 256 Ibs per square inch, the pumps having to over- 
come the difference in pressure between the two systems. The 
cars were raised by steel wire ropes attached to rams of 
which the plungers were 15 inches diameter and had a stroke 
of 55 feet, eight turns of cable being used. Each lift consists 
of a tier of three cars, the upper cars taking fifty passengers 
each, the lower one being arranged as a platform for the driver 
Owing to the curved form of the pillars of the Tower the angle of 
the cars changes considerably during the ascent , the passenger 
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are therefore hinged on the carriage to which they are 
died, and coupled together by a connecting rod which controls 
r movement, being coupled to a woim wheel fixed m the 
er's car The woim which drives this wheel receives its motion 
i a ratchet toothed rail, which is also used lor the safety 
. This gear is so arranged as to automatically come into 
)n whenever the speed exceeds 12 i'eet per second, 
itional hydraulic biakes are also provided for use in case of 
sssity. The movement of the cais is controlled by a flexible 
1 cable which is attached to two partially balanced valves in 
base of the Towei, one of which, for the up journey, admits 
i-pressure water fioni the accumulators to the ram. ; the 
sr, for the down journey, regulates the exhaust from the rams 
'le low-pressure accumulator. 



GRAIN ELEVATORS 

tr W. H Lmdley, tho Engineer to the Magistracy of Frank- 
-on-Mam, erected grain elevators in the new harbour at 
nkfort, of which Hates 11 and 12 show the general arrange- 
it, the object being to laise grain from ships and barges 
igside the quay by a telescopic tube containing within it a 
es of buckets working vertically, and lifting the gram from 
hold and delivering it to tho surfaces of endless bands, which 
vey it to the various floors of the granaries for storage. 
n order to raise the gram from the barges, a stationary elevator 
, fixed on to a swinging arm, at a distance of 7| metres from its 
s, as shown by Plate 11. The weight of the elevator and of 

swinging arm A was partly counterbalanced by a number 
veightn When the swinging arm. was m a horizontal position 

whole of the counterbalance weights were in action, and 
311 the swinging arm was raised further up, the weights 
dually came out of action. The counterbalance weights were 
nected to the elevator by means of two wire cables B B, and 
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in such a way that the depression of the swinging arm takes 
place owing to the weight of the unbalanced part of the elevator, 
and it was raised by means of the wire ropes CO running over 
the winding drums of the windlass D. An improvement was 
introduced by substituting for the counterbalance weights 
hydraulic arrangements 

The gram lifted from the barges was taken from the lop of tho 
elevator by means of an india-rubber band, and was conveyed 
either to automatic scales, or to the transporting holts, for 
distribution and storage in the granaries, provision being made 
for dealing with 36 metric tons per hour, or 6 sacks per minute, 
each of 100 kilos or 220 Ibs 

In order to supplement the stationary grain elevator at tho 
granary, a portable gram elevator was erected as shown by 
Plate 12 This elevator had a radius of 5 metres, and 
transported the grain from the barges to the two automatic 
scales A A and to the arrangements for filling and removing the 
sacks at B This, as well as the stationary elevator, wore 
capable of dealing with .36 metric tons of grain per hour, or 
360 sacks each of 100 kilos, or 220 Ibs. The portable elevator 
moved along the edge of the quay on rails of the ordinary gauge. 
The rotating part of this elevator was carried on rollers running 
on a race supported by the upper frame of tho travelling 
truck, and while the elevator was at work it was supported on 
jacks D resting on the edge of the quay wall. The elevator 
could be altered to suit the varying water levels by meaiiH of a 
telescopic arrangement E, and the range of adjustment of tho 
inner telescope tubes, as well as of the buckets, was 7 znetom 
The edge of these tubes was lowebt when their highest position 
was J metre above the rail level, as shown 

The adjustment of the telescopic tube could be varied either 
when the elevator was at work or when it was at rest, and the 
weight of the telescope tube and buckets was balanced by 
counterweights F F at the back of the elevator. G- 6- was tho 
mam driving belt H was the windlass for lifting the telescope " 
and the bucket belts. 1 was the band for transporting the grain. 
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after it had been raised by the elevator to the weighing maehme 
J was the high- pressure water main, and K the exhaust 

The elevator was raised or lowered by means of a hydraulic 
engine, and could be placed at any desired part of tho quay, and 
supplied with water at a pressure of 55 atmospheres from 
hydraulic mains, which were laid throughout the harbour for tins 
and other purposes (Plate 1 3) 

The Elswick Company have arranged gram-conveying 
machinery in which the gram is loaded on to an endless band 
by which it is earned to any desired part of the building, and 
often for veiy considerable distances Plato 1-4 shows more 
paitioulaily a movable throwmg-oiF apparatus by means of which 
the load can bo taken oil' the band at any desired position. The 
band after going over tho top roller is suddenly bout downwards 
beneath the lower roller, but the grain is carried forward hy its 
momentum, leaving the band at the roller and being received 
into a hopper or shoot a little way in advance This class of 
machinery was originally introduced into this country at IHrkon- 
head and Liverpool some forty years ago by Mr Percy Wostmacott, 
and its use has since extended very much indeed. 



WAYGOOD'S LIFT AND IIQIST. 

A form of hydraulic lift made by Messrs Wuygood & Co., 
London, deserves mention, as automatic water-Having arrange- 
ments are applied to iL whereby tin! wutor used is always 
proportional to the load raised. This is effected by admitting 
water to one or more rams through vtilvus which aro controlled 
by a governor driven by the moving lift at a speed varying with 
the load With a light load tho governor is driven quickly and 
actuates a weighted catch lover which limits the admission of 
water to one If the load is heavy the slow movement of the 
governor enables water to pass two or more rams, 
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STAGE MACHINERY. 

At the Lyric Theatre hydraulic stago machinery \\m infroduwl 
in the form of five sets of " bridges " (couHtrwittul by MCHWH C/litvlc 
& Bunnet) supported by hydraulic rams and placed tuwardn i,ho 
reai of the stage proper. Four of thoHO " hridgcH " WHO fo (,Jw 
level of the stage floor (which in 17 foot l> incta from tlw collar 
floor), but the fifth and larger one could bo takon 10 foct, almvo 
the stage floor level Tho loads for the four wcro 2 (.OIIH, and for 
the fifth 3 tons, Theie are two rama to each " brides" ;jj Inchon 
m diameter for the four front "bridgoM," and 4 iuchch for Urn 
larger one 



HYD11AUL10 UAPHTANH. 

The production of a simple hydraulic, rotary on^im* l(d to itn 
application to capstans, several 1'oriuH of \\hlch liavo boon 
introduced One is that made at KLswu'k, which may bo 
termed the turnover hydraulic cap-stan, an nbown by Plttfr* in. 
A bed-plate is hinged upon two trumuoiiH, ono udmi 1.1 111*4 ^'bo 
pressure, and the other being iwod for tbii tniUlow uf tlu 1 
exhaust water alter it has paHHod through tbn working vulvu tr 
valves To the bed-plate is cant a pillar, through which thi 
crank shaft is guided, and to tbu othor cnul of which the cujwlan 
head is fixed. To the single crank, on which tho ili ruinfi act, 
is attached a cross-rod com numica Ling motion to u rotary vulvo, 
from which branch pipes convoy tho wator to and from tach 
cylinder. The trunnions of tho bod-plat^ arcs curriotl o 
bearings attached to a cast-iron eaKtng, which fornw si fruiuo- 
work for the capstan, and on which also in curdwl tho working 
valve for regulating the starting and stopping of tho ctiiwton. 
This working valve is usually a mitrod valve, to which a 
counter-weight and lever are attaohod^iu auch u, maiMr that 
the counter-weight, when free, keeps the vulvo olosod, To 
start the engines, the levor is pressed with the fooL-thue 
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raising the weight which keeps the valves closed When the 
foot is removed the valve is closed, and the action of the capstan 
is stopped. The capstan is so balanced on the trunnions that it 
can be easily turned over by one man The advantages of this 
arrangement chielly consist in the facilities that are afforded 
for examining and oiling the parts. The capstan can be worked 
in any position, so that its action can bo readily seen and 
adjusted. The usual power given to working capstans is equal 
to a hauling power of about 1 ton on the rope, but smaller 
capstans than these arc used where only one or two wagons are- 
required to be moved at a time. The speed of the capstan can 
be varied from "2 or 3 revolutions per inmuto to upwards of 100 
revolutions 

Plate 16 shows an Elswick hydraulic capstan of 11 tons 
hauling power for dock use The engine, gearing, etc, are 
placed, of course, beneath the quay-level 

The introduction of hydraulic capstans into railway goods 
yards and other similar places, has proved of great advantage 
in expediting the operations of shifting trucks, makmg-up 
trains, and the like. 



HYDHAULIC TRAVELERS. 

The transference of railway trucks or carriages from one 
Hue of rails to another is rapidly eilected by traversers worked 
by hydraulic power. The expedition in making up traiiiR, 
both goods and passenger, that; results, has led to their exten- 
sive use. The construction simply consists in detaching a 
length of the line, sufficient for the carriage or truck to stand 
on, and by suitable framing beneath to support it on rollers 
resting on rails. These rails are laid between the two lines 
to be served by the traverser, and they enable the frame, with 
the carriage or truck on it, to be rolled from one line to the 
other, 4 This can be done by placing a hydraulic cylinder and 

ram with multiplying sheaves in a pit adjoining, and by con- 

6 
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neetmg the chain or cable to the traverse* 1 , a shoit stroke of 
the ram produces a long run of the traverser. At the now 
harbour at Frankfort-on-Mam an installation of hydraulic, 
power was carried out by Mr W. H. Lindley, the engineer 
to the magistracy of that town, and the author inspected 
this installation in 1888 Traversers were used with a travnl 
of 44 metres between centres of rails, and this long run involved 
the employment of three-cylinder engines, the power Ixjmg 
conveyed by cables passing over a series of shoavoH arranged 
in straight lines, by which no undue wear and tear of tho 
cables arose A trial of one of these travorsors gave 220 
seconds as the time occupied m the several oporatioiiR of 
bringing the traverser from one line to the other, hauling a 
truck on to it, transferring it to the other line (44 metroR 
way), and hauling the truck off. A trial was mado by 
running the traverser a longer distance than between these 
two lines (the range of travel extending to more than two 
lines of rails) A wagon with a load of 15,500 kilogrammes 
was put on the traverser, which was run. backwards and 
forwards through a total of 59 metres The engines mado 
100 revolutions and used 310 kilogrammes of water. 



MOVABLE JIGGEU HOIST, 

A movable jigger hoist is shown by Plate 3 7, This machine 
consists of a hydraulic cylinder A, with a ram B, and multi- 
plying sheaves C C The lifting rope or chain passes over tho 
large drum D, and the chain for communicatmg the power from 
the cylinder passes over a smaller one which is attached to it, 
The lifting slide valve 1S fixed to one side of the cylinder, and 
is worked by a man standing on a platform above the valve. 
Valve gear can be fitted to the machine (as shown in the figure) 
by which the jigger can be worked by a man standing on a 
ship s deck, and looking directly into the hold. Tht Oathine 
itself remains on the quay, thus dispensing with one' W It 
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is mounted on a wrouglit-ii'on frame, carried on four wheels 
E, so as to allow of its bemg moved from place to place The 
water is conveyed to the machine from the main through 
jointed pipes, which allow a considerable amount of travel of 
the jiggers without alteration of the pipe connections The 
pressure and exhaust connections on the Jiggers are shown, 
with caps for protecting the joints when the machine is not 
m use. These Jiggers are of varying powers, according to the 
purpose to which they are to be applied, whether for lifting 
sacks of corn, or light j'ute bales They work with great 
rapidity, making from four to five lifts per minute from the 
hold of a vessel. 



HYDBAULIC WAUON DllOP, 

In the arrangements for charging blast furnaces, a wagon 
drop is generally employed for lowering the charges into the 
furnace, the downward movement being conti oiled by a brake 
applied to the shaft on which are fixed the sheaves for the 
chains or wire ropes. Sir Thomas Wrightson lias" successfully 
applied water as the controlling agent of the brake, and he 
described this arrangement at a meeting of the Iron and Steel 
Institute. Fig. 32 shows the means by which water in this case 
is utilised as a hydraulic brake. A cylinder A (10 or 12 inches 
diameter) has a stroke the same as the rise or fall of the cage, 
which is suspended from the piston-rod 1), at the other end of 
it being the piston 0, working in the cylinder At the top of 
the cylinder is a small supply tank E, fitted wifch a self-acting 
ball-cock, to keep the same always supplied from the nearest 
water main, A small adjustable hole F m the cover com- 
municates with the inside of the cylinder, to ensure that it is 
always full of water, and another small hole G in the piston 
allows any air which may accumulate under the piston to pass 
to the upper part of the cylinder, where it escapes into the tank 
by the hole F. 
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A pipe H connects the top with the bottom of the cylinder, 





D 

tig. 32. 



through an ordinary water-cock J, which is controlled by a 
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weight-bar and lever A catch lever is placed alongside the 
valve lever, and serves to lock the cage as it comes to the top of 
its stroke This holds the cage while the wagon runs on. 
When the cage with the wagon on is required to descend, the 
catch rod is liberated, and then the valve handle is lilted By 
the opening ol this valve J the water passes from the bottom to 
the top of the piston, thus controlling the descent of the cage with 
the greatest nicety to any speed tho atten dant may choose. When 
the cage is at the bottom, a self-acting stop is removed by the 
action of the cage touching the ground, which allows the wagon 
to run off at the lower level Tho cage being then lighter than 
the counter- weights, is drawn up again, the water in the cylinder, 
during the ascent, returning from the top to the bottom of the 
piston. When the cage arrives at the top of its stroke, it locks 
itself, and is then ready for another wagon to be run on. 

The bulk of the water passes and re-passes through the cock 
J, but on account of the area of the piston being less on the 
lower side than the upper (by the area of the piston-rod on the 
lower side), the water at the top, displaced as the piston rises, 
cannot find room at the lower side of the piston, and will, there- 
fore, find relief by a portion (equivalent to the cubical contents 
of the piston-rod) passing through the small hole in the cylinder 
cover into the supply tank. In tho same way when the piston 
again descends, there would be an equal deficiency in the water 
passing from the bottom to the top side of the piston , this is 
compensated for by the samo amount of water re-passing 
through tho hole in the cover. By this means the cylinder is 
always kept full of water, which is essential to tho successful 
working of the apparatus. It will bo observed that tho same 
water is used over and over again, and that tho ball valve in the 
tank is merely to supply any loss from evaporation or leakage. 
The small pipe 0, encircling tho cylinder, is for the admission of 
steam in frosty weather to prevent the freezing of the water. 
This comes from the nearest steam or exhaust pipe, and after 
coiling a few times round the lower part of the cylinder, passes 
up to the top tank alongside of the connecting pipe. 
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Sir Thomas Wnghtsoii informed tho author in December 
1902 that the centre balance crane had been at work for 
twenty years, with most satisfactory results, at the works of 
the North-Eastern Steel Company at Middlesbrough. 

Plate 18 shows a jigger winch tho Hydraulic "Engineering 
Company have supplied for lifting tho material excavated in 
the construction of the "Tubes" for tho llrompton and 
Piccadilly Circus .Railway, and for tho Charmg Cross and 
Hampstead Railway. The load to be lifted is from 35 cwt. 
to 2 tons, and the stroke o the ram and the multiplying 
power of the p allies enables the load to be raised heights 
varying from 90 to 130 foot 



CRANES. 

hi all tho designs for hydraulic cranes the principle 
employed is that of using the direct thrust of a ram or piston 
through a short stroke, and multiplying the stroke by carrying 
the lifting chain over a series of sheaves. In general, the 
cylinders and machinery are placed horizontally in a chamber 
underground In some cases the lifting cylinder is placed 
vertically., and is made to form part of tho pillar of the crane, 
as is shown by Plate 19, fig 1, which represents a goods 
station crane for a lofty goods shed, tho pillar being carried by 
top and bottom bearings. The lifting cylinder is placed in 
the pillar of tho crane, to which pillar Iho working valve is 
fixed, tho water entering and escaping, through the pivot as 
shown by fig. 2, 

A form of station crane is shown by Plato 20, which 
represents one of the cranes originally erected at tho goods 
station of the North-Eastern Railway at Nowcastle-on-Tyne. 

When the load to bo raised becomes very great (100 tons 
or so), |t is better to substitute some other arrangement for 
that of chains. In the case of a largo crane which Sir William 
Armstrong, Mitchell & Co. erected at the Royal Italian 
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Arsenal at Spezzia, the lift is performed by the direct action of 
a piston contained in an inverted cylinder suspended in gimbals 
from the head of the jib, aa shown by Plate 21. This crane is 
capable of lifting 100 tons through a range of 40 feet. It is 
earned upon a ring of live rollers supported by a pedestal of 
masonry, and the slewing is effected by a hydiaulic engine 
applied to a pinion gearing into a circular rack The jib 
projects 65 feet from the centre of rotation, and its height 
above the quay level is 105 feet. If the crane is used to lift 
much lighter loads than the maximum, a chain is employed,, 
which is raised and lowered from a cupped drum, worked by the- 
slewing engine. 

Plate 22 shows an Elswick hydraulic crane for storing coal, 
etc It has a maximum rake of 75 feet, there being a travelling 
movement along the jib to the extent of 65 feet. The total 
area commanded by the crane is 17,500 square feet, giving a 
storage of about 400,000 cubic feet. All the motions of lifting, 
turning, traversing in or out, and opening and closing the doors 
at the bottom of the box, are commanded from the cabin on 
the front of the crane pillar. 

Mr Percy Gr, B, Westmacott devoted much attention at 
Elswick, many years ago, to designing a crane for discharging 
coal that could be moved on a line of rails to enable the crane 
to command ships' hatches which are in ever-varying positions. 

The first movable hydraulic crane was designed by Mr 
Westmacott, and erected by the Elswick firm at the Bute 
Docks, Cardiff A description of tins was given by Mr 
M'Gomiochio at the Cardiff meeting of the Institution of 
Mechanical Engineers in 1884, and is shown by Plate 23. 
The shipping of coal dnect from the trucks had previously 
been carried out by fixed hydraulic cranes It was, however, 
found that the work could not bo done rapidly enough, as the 
fixed cranes could only load into one hatchway of a ship, since 
the positions of the hatchways in steamers varied so much that 
the cranes could not be placed to suit different vessels. 
Movable cranes were decided upon to obviate this hindrance 
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to rapid working , but as the cradle or platform on which the 
truck was lifted required a pit in the line of rails for its recep- 
tion, a crane could only pick up wagons at one point. To meet 
this difficulty, Mr Westmacott designed the coaling cradle 0, 
shown by fig 1 It consists of a light platform suspended by 
chains capable of being placed in any position upon a line of 
rails. The platform is permanently hung by chains from an 
anti-f notion swivel S (shown to a larger scale in figs. 4 and 5), 
which enables a man to turn the cradle with a loaded wagon 
on it, thereby dispensing with turntables 

The crane is carried on a nearly square wrought-mm 
pedestal, which runs on four wheels upon a line of rails of 
24 feet gauge There are also four lifting jacks JJ, one at 
each corner, which take the weight when the crane is at work. 
The pillar P P consists of two flat plate girders which revolve 
an bearings at the top and bottom of the pedestal. There are 
three hydraulic cylinders for lifting and tipping; the Jh.st is 
placed between the girders of the pillar for lifting the load by 
means of the chain L, the two ends of which are made fast to 
the swivel attachment R The second, D, is for tightening the 
tipping chains T, and the third, B, is for effecting the tipping, 
by making a bight in the tipping chain (as shown at F), while 
the cylinder D is locked by its valves. The pillar is turned by 
two horizontal hydraulic cylinders, EE (one on each side of 
the pillar), fixed to the pedestal, and working a chain which 
passes round a drum at the foot of the pillar All the motions 
are readily controlled by one man in a valve-house fixed to the 
pedestal (not shown on the Plate) Two such houses are 
provided, on opposite sides of the crane, so that the man can 
use whichever is most convenient for watching the operations, 
The pressure water is conveyed to the crane by movable 
jointed pipes, which can be attached to hydrants placed at 
convenient distances on the hydraulic mains along the quay 
wall. There is an auxiliary or anti-breakage crane, A, on the 
side next the dock, for working a hopper, H, resting on the 
deck of the ship. This hopper (designed by Mr Charles 
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L Hunter, of the Bute Works) has a telescopic throat of square 
section, which is closed by a pyramidal bottom, or valve, K, 
held up by the auxiliary crane A The object of this is to 
allow the first few truck-loads of coal to be lowered gently to 
the bottom of the hold, so as to lessen the breakage of the coal 
(as shown in figs 1 and 3) When not in use, this crane can 
be swung to the side, out of the way A wagonful of coal can 
be shipped in from 2^ to 3 minutes 

To avoid tho breakage of the coal by discharging it into coal 
ships by shoots direct from the coal trucks, many mechanical 
arrangements have been used, the most perfect of which are 
the hydraulic coal-hoisting machines that were introduced 
many years ago by the Armstrong firm. In order to minimise 
the breaking of the coal, it is desirable, as before stated, to form 
a heap in the hold of the ship by lowering some coal at the 
outset, cither by a hydraulic crane or otherwise, and afterwards 
to provide for the discharge of the bulk of the coal slowly upon 
this heap, instead of dehveimg it with a rush The Els wick 
firm arranged an apparatus to meet these requirements, and is 
applicable to low-level railway and flat-bottom wagons. The 
wagon is lifted upon a cradle resting on the top of a 
hydraulic ram, the coal being tipped into a shoot (large enough 
to hold a wagon-load of coal) which rises or falls, to meet the 
varying height of the deck, by connecting the shoot with the 
cradle, which ensures the right level being obtained To 
regulate or stop the How of the coal 111 the shoot, a pair of doors 
are fixed across its mouth. The coal is discharged by tipping 
the wagon by a hydraulic press, mounted on trunnions, which 
travels with tho cradle and raises tho back of the platform 
(which is hinged in front) to the desired inclination. The 
vanous movements are governed by valves, worked by a man 
stationed on an elevated platform, commanding a view of the 
operations The wagons are brought to, and removed from, 
the coal-tipping apparatus by means of hydraulic capstans, 
turntables, or traversing machines, according to circumstances. 
A great number of coal-hoisting machines, based on this 
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principle, are in use wheiever the expeditions transference of 
coal from wagons to ships is requisite 

The same firm have an. anti-bieakage crane which is m 
geneial use. This has a square iron bucket which holds a ton 
of coal It is made hopper-shaped, with a hinged flap for 
discharging at the bottom It is suspended from a light jib 
crane fixed at one side of the tip frame, and having in the 
hydraulic tips, hydraulic lifting and turning motions. In 
commencing the loading of a ship this bucket is filled from the 
shoot, then lowered to the bottom of the hold, and emptied by 
pulling up the bolt that secures the flap door This process is 
repeated until a conical heap is made up to the shoot, which is 
then allowed to discharge freely 

Plate 24 shows a movable hydraulic crane for shipping coal 
direct from trucks into ships The crane consists of a heavy 
pillar revolving m a built pedestal having an archway large 
enough to pass locomotives and box wagons. The lower part 
of the pillar is carried in a footstep attached to the bottom of 
the pedestal above the archway, and the upper bearing of the 
pillar is formed by the top of the pedestal. The pillar carries a 
jib pivoted on a pin at its heel, the rake or radius of which can 
be varied within wide limits by a hydraulic cylinder and ram 
placed m an inclined position at the back of the pillar, this ram 
being connected with the head of the jib by links or girders. 
The turning of the pillar and jib is effected by hydraulic 
cylinders placed on the back of the pillar alongside tho luffing 
cylinder, and acting on a chain which fits into a cupped drum 
round the top of tho pedestal The lifting machinery is placed 
within the cheeks of the pillar, and consists of a hydraulic 
cylinder with ram, multiplying sheaves, etc., and there is, in 
addition, a tipping cylinder which is placed between the turn- 
ing cylinders on the back of the pillar, this cylinder acting on 
the tipping chain by which the rear end of the wagon is tipped 
up Attached to the lifting and tipping chains is a cradle 
for receiving coal trucks of either "end" or "bottom door" 
pattern. This cradle fits into a seat which can be placed on 
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the lines of rails at any point without the quay being in any 
way cut up 

The power is supplied by a hydraulic engine placed m the 
pedestal connected to the travelling wheels by shafts and 
geamig 

Plate 25 shows a number of Elswick movable hydraulic 
cranes varying in power from 2] tons to 10 tons The lifting 
cylinder is placed in the pillar, which, with the jib and counter- 
weight frame, is earned m a wrought iron arched pedestal, the 
upper part of which forms the bearings for the pillar, and 
contains the turning cylinders The archway is of sufficient 
size to allow locomotives to pass under The valves are 
operated from a driver's box on the side of the pedestal The 
cranes move on four wheels fitted with hand-travelling gear, 
and the connection with the hydrant on the hydraulic main is 
made by sliding or jointed pipes at any desired position 

Plate 26 shows an Elswick fixed coal hoist, the lifting 
machinery consisting of a ram and cylinder with multiplying 
sheaves placed 011 one side of the framing and connected to the 
cradle by chains passing over sheaves on the top of the framing. 

Plate 27 shows an Elswick movable hydraulic coal hoist, the 
lifting machinery consisting of a ram and cylinder with multi- 
plying sheaves placed on the back of the framing and connected 
to the cradle by chains passing over sheaves on the top of the 
framing, It is on wheels, which allow it to be moved to and fro 
on the quays to suit the hatchways of vessels, there being a 
number of lines on the quay opposite to one of which the hoist 
call be placed Those lines radiate from turntables communicat- 
ing with the full and empty roads. These hoists are principally 
of service to enable two hoists to be worked into the same vessel, 
as owing to the constantly varying positions of hatchways two 
fixed hoists would but very rarely be capable of loading into the 
same vessel. The moving of the hoist is effected by a hydraulic 
engine and gearing. 

Hydraulic coal hoists arc employed at Goole Docks for 
shipping coal from compartment barges brought c|own the Aire 
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and Calder Navigation These boats are brought down the canal 
in long strings articulated together On reaching tho docks 
they are divided up The compartments or barges are floated 
one at a time on to the submerged cradle of one of the coal 
hoists The cradle is then lifted until tho barge is clear of the 
water, when clips aie made fast to tho roar of tho barge soeurmg 
it to the cradle The lifting is then continued and the barge 
lifted to the necessary height, when it is turned over sideways 
and the coal falls into a shoot by which it is conveyed to the 
hold of the vessel. Tho empty boat is then turned back to the 
honzontal position, the cradle lowered and tho boat floated off. 
Each barge holds from 25 lo 35 tons of coal 

The lifting of the cradle is effected by direct-acting hydraulic 
cylinders placed vertically above tho cradle having pistons 
connected to the cradle by piston rods. The tipping was, 111 
the first hoist, effected by rotary hydraulic, engines and chains, 
but m the later hoists it is done by cylinder and ram with 
multiplying sheaves acting on chains. There are in all three 
hoists, the first being erected in the year 1803, and the third 
in the year 1900. 



HYDHAtlLIC MACHINKKY ON BOAttl) SHIP. 

\ 

The Elswick firm applied hydraulic davits and derrick 
hoists on board H.M.S "Vulcan" for lifting with ease and 
quickness the torpedo boats, launches, and steam pinnace, To 
deal with the torpedo boats there are two large hydraulic 
davits with a lifting power of 20 tons, and a radius of 38 feet, 
the pillar being placed so that the jib commands 29 feet beyond 
the side of the vessel. The lifting machinery is m the pillar, 
and is worked at a pressure of 1000 Ibs. per square inch. The 
slewing motion is obtained by means of two cylinders (with 
16-inch rams) placed vertically beside the pillar, and has a 
range of 250, which is sufficient to enable a boat to be picked 
up from alongside and placed in almost any position on deck. 
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In addition to the torpedo-boat davits, hydraulic lilting, topping, 
and slewing gear are fitted to a derrick to deal with launches 
up to a weight of about 10 tons The lifting arrangements are 
similar in principle to those employed for the davits, the 
cylinders being placed vertically neai the heel of the derrick. 
The topping machinery consists of a cylinder (telescopic, to 
economise space) with a plunger, etc. The load of 10 tons can 
be lifted 25 feet fiom tho water level at the rate of 90 feet 
per minute, and the topping of tho derrick with the load can 
be done at the rate of 20 feet per minute. 

The same firm have recently fitted hydraulic derrick hoists 
on board throe battleships and three large cruisers, for HM. 
Government for lifting boats up to 20 tons weight, and are 
now about to fit similar gear on the live battleships of the 
" King Edward VII " class, the arrangements of the gear being 
almost exactly tho same as for the deinck hoist of the "Vulcan/' 
except that tho power is 20 tons instead of 10 tons 

Hydraulic power is now being applied to perform the deck 
work on board the larger steamships, instead of the steam 
appliances which woro previously used. In discharging a 
ship's cargo, the expedition afforded in all large docks by the 
employment of hydraulic cranes and other appliances has 
not until quite recently been met with corresponding facilities 
on board ship 

On board steamships the accumulator can be dispensed 
with, as the power required to work hydraulic apparatus 
under these circumstances is generally produced, and com- 
municated direct to the machine, by motors which are capable 
of working at very high speeds, and of developing in a small 
compass a large amount of energy. 

Direct-acting cylinders, working upon the single crank, 
have been applied by Sir W, Gr. Armstrong, Mitchell & Co 
to ship-capstans up to 5 tons 'power. In these the bed- 
plate is fixed, as it would be too unwieldy to use in the 
form of the turn-over arrangement already described for 
docks and yards. The capstan-head is in some instances 
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arranged with two diameter s , tho larger being for the 
lighter power, and the smaller for the heaviest strain upon a 
hawser. The capstan-head is also provided with handspikes 
and rack, so that, i! desired, it can be worked by hand as an 
ordinary capstan A separate hydraulic engine (usually with 
Lhree cylinders) produces the power which LS convoyed from 
it to the capstan by means ol gearing 

Hydraulic power is also employed to work the stooriug-gear 
)f ships. It is necessary that the power applied should in- 
crease in proportion to the angle at which the rudder is moved 
>vor, and that the machinery should yield under any execs- 
live strain, so as to allow the rudder to lly amidships, but to 
eturn after the strain has passed away. The valve for con- 
rolling tho steering-gear should be placed where it can be 
vorked under the eye of the officer of tho watch, 

Plate 28 shows one of the Els wick cranes on board ship, 
he lifting cylinder forming the pillar, with the slewing 
ylmders at the base. 



HYDRAULIC POWER APPLIED TO BRIDGES 

*% 

The first application of hydraulic power to bridges was in 
852, when tho Forest of Dean Railway Company constructed 
hydraulic swing-bridge over the river Severn. A double 
iaf swing bridge of timber was constructed and worked by 
ydraulic power about the same time at the Birkonhead Docks, 
ach leaf of this bridge had a central hydraulic press of sufficient 
)wer to lilt the leaf, and acting at the wame time on the pivot 
pon which the bridge revolved. The tail end of the bridge j 

as fitted with two rollers, which were brought in contact ,& 

;ainst an upper rail, so that, as the tail end was lighter 
an the nose end, when the bridge was lifted from its 
larmas the rollers at the tail end were brought against the 

" " , 

il, and the pressure being continued on the centre press, | 

ted the bridge clear of the masonry. The swinging of the 
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3 was effected by means of a hand rack and pinion, but 
5 budge was carried on a water pivot it was easily worked 
bridge rested on masonry supports when not at work 
irst operation of lilting the bridge off its bearings was 
-ined in a few seconds, by turning the water from the 
nilator into the centre press 

some examples of the application of hydraulic power to 
-budges a single press forms the water- bed In others 
am is not attached to the bridge, but the end of it is 
of a cup-shape, in which i evolves the pivot that is 
led to the bridge In some swing-bridges the tail end 
ido light In otheis the tail end of the bridge is made 
, so that when the budge is lifted the nose end is 
, the tail end resting upon a lail below the roller path 
lonally it has been found advisable (as a stand-by) to 
a means of working the bridge by hand-power This 
ue by using the centre press as a solid pivot, the ram 
g upon the bottom of the cylinder, and the bridge revolving 
up formed in the upper part of the ram. By means of 
s applied to the tail end of the bridge and worked by 
pumps, it can be lifted or lowered to clear the bridge 
ts restmg-blocks, and to leave it 'free to revolve 
to 29 shows a "hydraulic swing-bridge" constructed by 
\T. G Armstrong, Mitchell & (Jo This bridge crosses 
ir opening of 100 feet, and is adapted for both road 
ailway traflic. The clear width of roadway between 
erbs is 23 feet. The footways are on the outside of 
lam girders, and have each a clear width of 4 feet 10 
-. The bridge is designed for a rolling load of 1J tons 
iot run on each line of railway, and for a concentrated 
)f 00 tons on four wheels. The main girders are of 
ricingulaf or braced construction, the cross-girders for 
ag the roadway being fixed to the mam girders at 
iot of each system of tnangulation, with longitudinal 
3 between the cross-girders under each line of rails, 
ridge is lifted from its bearings (preparatory to being 
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turned round) by a hydraulic press acting on a wrong lit-iron 
bearing-girder fixed to the under side of the main girders. 
The turning motion is effected by two hydraulic cylinders 
acting, by means of chains, on a turning drum fixed to the 
under side of the bridge A hand-pump is provided for use, 
in case the pressure from the main is not available. Should 
the centre press become disabled, provision is made for tilting 
the bridge from its bearings, by lowering the roar end wedge- 
resting block, hand-presses being provided for this purpose 

Another form of swing-bridge to which hydraulic power is 
applied is that which rests upon a circle of live rollers 
on a permanent roller path The bridge is made to revolve 
either by means of one or more rotary hydraulic engines, 
placed on the centre pier within the circle of rollers, or by 
means of reciprocating acting rams and chains attached to 
the drum in the centre. The ends of each mam girder are 
blocked by hydraulic presses after the bridge is closed 

The railway bridge over the river Ouse at G-oole was described 
by Lord Armstrong when President of the Institution of 
Mechanical Engineers in 1869, and is shown by Plates 30 
and 31. This bridge carries a double line of railway across 
the river Ouse, by means of three wrought-iron plate-girders, 
which, for the swinging portion of the bridge, are 250 feet long 
and 16 feet 6 inches deep in the centre Plate 30 is a vertical 
transverse section at the centre pier, showing the engme-roorn 
and accumulator situated within it Plate 31 is an enlarged 
section of one-half of the engine-room The centre girder 
of the three is strengthened, and rests on an annular box 
girder A A, 32 feet in diameter, which forms the cap of the 
centre pier. This cap rests on the top of six cast-iron columns 
7 feet in diameter, which are arranged in a circle and form the 
centre pier. A centre column B B, also 7 feet in diameter, 
contains the accumulator, and is attached to the others by 
cast-iron stays which support a floor On this the steam- 
engine, boilers, etc , for producing the hydraulic power are fixed 

The weight of the swing-bridge is 670 tons, and it rests 
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entirely on a circle of 26 conical live rollers EE These 
are 3 feet in diameter, with 14 inches width of tread, and run 
between the two circular roller-paths D D, which are 32 feet 
in diameter and 15 inches wide 

The turning motion is communicated to the budge by a 
bevel wheel H, which gears into a cast-iron circular rack G-, 
bolted to the outer cncumferonce of the upper roller path. A 
steel pin J, supported in tho lower roller path, carries the 
bevel wheel This is driven by a pinion connected by inter- 
mediate gearing with a three-cylinder hydiauhc engine (in 
duplicate) placed at K K, which exerts a force of about 10 tons 
at the radius of tho roller path The engines work at 40 
revolutions per minute, with a wuter-piossure of 700 Ibs per 
square inch Tho power is obtained from a pair of 12 h -p 
steam-engines fixed (as before stated) m the engine-room 
formed beneath the centre of the bridge Water is delivered 
into the accumulator G, which has a ram 16 inches in 
diameter and 17-feet stroke, and is loaded with a weight of 
67 tons. 

To secure a solid roadway, and a perfect continuity of the 
line of rails, an arrangement of gearing, shown by Plate 32, 
tigs 1, 2, 3, and 4, is used By this, each extremity of the 
bridge is slightly lifted by a horizontal hydiauhc press N, 
acting on tho levors P P, forming a " toggle joint " The press 
has two rams acting in opposite directions upon two toggle 
joint-levers, connected by a bar Q, which moves in a vertical 
guide to insure a perfectly parallel action of the two points. 
By this means tho cud of the bridge is made truly parallel 
when the res ting-blocks RE, under each girder, are put into 
position. To do this, three separate hydraulic cylinders, S S, 
are employed, as shown by figs 3 and 4 When the toggle 
joint-levers PP are withdrawn, the bridge is lowered on the 
blocks. The hydraulic cylinders N and S are controlled by 
valves on the centre platform in reach of the bndgeman, who 
can stop the bridge at the right place by means of a dial with 
pointers actuated by the motion of the bridge. When the 

7 
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motion is stopped, a locking-bolt T, 3 niches thick (which is 
pressed outwards by a spiral spring), is shot out at each end of 
the bridge into a corresponding slot, and so locks the bridge 
These bolts are withdrawn by the wire cord U when the 
bridge is to be swung. 

The line of the bridge being north and south, a slight lateral 
w arping is caused by the sun acting alternately on the opposite 
sides of the bridge To enable the bolts to enter their slots 
when the warping occurs, the feet of the lifting levers P P are 
bevelled on their inner faces at II (fig 2), and bear against 
corresponding bevels W on the bed plates, by which means 
the ends of the bridge, when warped, are forced back into the 
correct line 

The accumulator being stationary, whilst the fixing gear 
swings with the bridge, the watei -power is conveyed by a 
central copper pipe W (Plate 31), which passes up through 
the centre of the bridge, and has a swivel joint at the lower 
end. As the hydraulic turning-engines are also stationary, 
whilst the bridgeinan's hand-gear rotates, the communication 
for working the valves is made by a central copper rod X 
(Plate 31), which passes down through the centre of the pressure 
pipe "W in the axis of the bridge The opening or closing of the 
bridge is accomplished m 50 seconds, the average speed of motion 
of the end of the bridge being 4 feet per second. 

Small gas jets are provided in the central pier, and m the 
chambers containing the hydraulic cylinders, and are kept 
burning in very frosty weather. The pipes leading to the 
machinery at the ends of the bridge are protected by cinders 
encased in wooden boxes. 

Another important hydraulic swing-bridge is that which 
crosses the river Tyne The swinging portion of this is 280 feet 
long, and weighs more than 1200 tons. In this bridge, instead 
of the weight resting upon live rollers, a hydraulic press is 
applied to the centre ; it has a pressure of about 900 tons upon 
the ram, which relieves the pressure upon the rollers to that 
extent. The rollers and roller path, however, are sufficiently 
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arm being niiwnl \\tth the load hy it 4 inch iliwkiw'ting nan of 
0-liiot, Htrtiko, A total length of iu Itws than OU juilun of Htwl 
plate, milling itt Uiit'kiu8H from 1 J iutsh to | melt, liava t be 
lo radii of from 11 ftmt to inchH, whih IH done* in huavy 
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cast-iron dies squeezed together by four rams of 24 inches in 
diameter and the same stioke. With the ordinary working- 
pressure of 1000 Ibs per square inch, the power of the proas IH 
thus about 1750 tons Some 3000 pieces, shaped like the lid of 
a box, 15 inches by 12 inches wide, with a 8-inch deep rim nil 
round, were required to be made of ]-mch steel plato, and this wan 
easily effected m two heats by a couple of strokes of a 14-mch 
ram." He also described that, m erecting the great 1700 feet 
spans of that bridge, the massive girders wore put together at a 
low level, and were hoisted as high as the top of St. Paul's 
Cathedral by hydraulic power Continuous girders, nearly {mo- 
third of a mile m length, were similarly raised, together with 
the necessary sheds, cranes, appliances, and workmen, the whole 
weight on the platforms being in some instances more than 
1000 tons 

In the excavation of the foundations of the Forth Bridge 
hydraulic appliances of a novel kind were used The huge- 
wrought-iron caissons (70 feet in diameter and 70 feet high) for 
the foundations, had to be sunk through tenacious boulder clay, 
which was excavated by hydraulic spades Hydraulic rams 
worked in the hollow handles, which were thrust against the- 
reof, and by turning a tap the spade was forced into the clay, 
with a pressure of 3 tons. These hydraulic spades were em- 
ployed in an electrically lighted diving-bell 70 feet in diameter, 
7 feet high, and 90 feet below the sea 



THE TOWEK BRIDGE. 

The bridge which Sir John Wolfe Barry has constructed 1 
across the Thames at the Tower has been described m a paper 
read before the Institution of Civil Engineers by Messrs 
Cruttwell and Homfray m 1896. 

The prominent features of the structure consist of two main, 
towers on the river piers, and two smaller towers on the shore 
abutments from which the suspension-chains of the shore spans, 
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are supported. The opening span between the t\vo main towers 
consists of two leaves, 01 bascules, pivoted near the faces of the 
piers, and lotatmg in a vertical plane , so that when raised for 
the passage of vessels through the bridge, the entire waterway 
between the faces of the piers is unobsti noted save for the high- 
level footways between the main towers These footways are 
fixed at a level cousidoiably higher than the masts of any 
vessels which use the river The clear width of each of the shore 
spans between the pieis and abutments is 270 feet, and that of 
the opening span is 200 feet The headway of the shore spans 
above Trinity high- water level varies between 27 feet next the 
piers, 23 feet next the Middlesex abutment, and 20 feet next the 
Surrey abutment The headway at the centre of the opening 
span is 30 feet, and the under side of the high-level footways is 
141 feet above Timity high- water level The total length of the 
bridge, including the abutments, is 940 feet, and the lengths of the 
approaches aie 12GO feet on the north side and 780 feet on the 
south side The width of the bridge and approaches between 
the parapets is GO feet, except across the opening span, whoio it 
is 49 feet The steepest gradients are 1 in GO on the north side, 
and 1 111 4.0 on tho south side. 

The bascules are raised and lowered by hydraulic engines 
acting through gearing. The operations ol! raising and lowering 
can be effected in one minute, but m practice it is about one 
and a half minutes 

In each main tower are two hydraulic hoists for taking 
passengers to and from tho high-level footways while the 
bascules are raised The hoists have cradles 14 foot 9 inches 
long, 6 feet 6 inches wide, and 1 1 feet high, the length of the 
lift being about 3 10 feet. The ciadlos are lifted and lowered 
by wire ropes, worked by cylinders and rams in duplicate 
(placed vertically in tho towers close to the hoist), each of 
which has two lifting ropes and two counterweight ropes. 

The hydraulic power for the bridge is generated in the arches 
of the south abutment, where two arches are occupied by two 
double tandem compound surface condensing engines, each of 
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360 ih-p The hydraulic pressure IB 700 Ibs por square 
inch At each end of each pier is an accumulator having a 
plunger 22 inches in diameter and a stroke o! 18 1'oet. In 
addition, there are at the engine-house two accumulators having 
plungers 20 inches in diameter with a stroke of 35 foot 



DOCK-GATE MACHINERY. 

One of the first applications of hydraulic power in this 
direction was to the old hand-power gate machines at the docks 
at Newport and Swansea Lines of shafting were carried along 
the dock wall, with gearing connecting the engines to each of 
the hand crabs This shafting was actuated by rotating hydraulic 
chains, which at the same time worked capstans at the extreme 
end of the dock 

Hydraulic engines were next applied directly to each crab, 
instead of through intermediate shafting. An "Elswick gate 
crab," with hydraulic engine attached, is shown by Plato 33, 
figs 1 and 2 In this arrangement there are two rotary 
hydiaulic engines with two cupped drums to each, a clutch 
enabling either drum to be thrown into gear with the engine, 
whilst the other overhauls One engine with its double crab 
serves for two chains, which are led along the top of the gate. 
The chain for opening passes over a pulley, and descondR 
vertically by the side of the gate. After passing over another 
pulley, it is attached to the masonry at the place where in 
ordinary practice the roller-box is fixed. By this arrange- 
ment the old method of making chamways in the masonry [is 
obviated, and each leaf of the gate is worked both ways from the 
same side. 

Another arrangement is that by which hydraulic power is 
applied to the crabs through shafting driven by hydraulic 
engines By this method the opening and closing chains are 
led from the gates through roller-boxes in the masonry of the 
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walls, and thence up inclined chainways to separate winding- 
drums These are worked by shafting from three-cylinder 
hydraulic rotatory engines (one on each side of the lock). The 
closing drums have a spiral at the end for taking up quickly the 
slack chain lying across the lock When the opening drums are 
hauling in, the closing drums are paying out, and mce versd, to 
effect which the diuins are connected to the shafting by clutches 
The drums aie controlled by brakes when paying out The 
shafting can be woiked by hand, by means of a sunk capstan- 
head, in case of noed A capstan foi hauling ships is also 
connected to shafting by a clutch and bevel spur gearing 

Another form of gate machinery is the direct-acting ram 
and cylinder with multiplying sheaves, which has been very 
geneially adopted, although it does not provide for the working 
of the gates by hand in case of need, or if the power is not 
available Plate 34 shows a " Hydraulic Machine for Opening 
and Closing SO-feet Lock Gates" The opening and closing 
chains are led from the gates through roller-boxes m the face of 
the walls, and up inclined chainways, to horizontal hydraulic 
cylmdeis and rams These have multiplying sheaves, around 
which the chain is led, the end of the chain being attached to 
the cylinders On pressure being admitted to the opening 
cylinder (by means of a valve in a pit adjoining), the ram is 
forced out, drawing up the chain, opening the gate, and pulling 
in the closing rarn on the other side of the lock, which (by 
means of its valve) has been put in connection with the exhaust 
For closing the gates, the operation is reversed The ram-heads 
are carried by rollers on tram-plates. This arrangement is 
simple, and has very few wearing parts. The strain on the 
chain when the gate is moved is about 10 tons. The gates are 
opened m a minute and a half 

The illustration only shows the machinery on one side of the 
lock. The other is precisely similar. 

The widest entrances to which hydraulic power has been 
applied are 100 feet at the Canada Dock, Liverpool, at the 
Barrow Dock, and at Birkenhead. 
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Sluices for removing imid at the, entrance to locks can be 
conveniently worked by hydraulic machinery Their move- 
ment up and down is effected by the application ol direct- 
acting cylinders and pistons attached to the masonry to open 
and close the paddle against the pressure. A hand-pump is 
generally applied so as to be available in the event of the 
water-pi essnre being accidentally cut off. The combination is 
effected by a screw and gearing worked by a rotary hydraulic 
engine, so arranged that it can be worked by either hand or 




power. The sluice cylinders are usually lined, and the rods 
covered, with copper. Plate 35 shows an Elswick "Direct- 
Acting Hydrauhc Sluice Machine" At the Alexandra Docks, 
Newport, the hydraulic sluices are attached to the gates 
themselves, instead of being placed on the masonry 

Lock-sluicing arrangements at dock entrances have generally 
failed by reason oi the scouring action of the water on the mud 
being limited to the moufch of the sluice Deep holes are made 
there, as the scouring force is not operative at any distance 
from the sluice A solid apron should therefore be carried for 
some distance beyond the mouth of the sluice to prevent the 
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force of the water from disturbing the lloor (as it frequently 
does). The current would then be directed with the best effect, 
and the formation of the upper eddies, which destroy the 
sluicing powei of the water, would be avoided. 

In the construction of the Barry Docks, Sir John Wolfe 
Barry adopted direct-acting gate machinery for opening and 
closing the dock gates, and the Elswick firm executed the work 




Eig. 34. 

Figs 33, 34, and 35 show the arrangement for each gate, 
consisting of a fixed double-acting hydraulic cylinder, the piston- 
rod of which is coupled direct to the gate by a connecting- 
rod. The cylinder is of cast iron, the piston being 19 inches in 
diameter, and the stroke 14 feet The piston-rod is 7 inches m 
diameter, is covered with copper, and connected to a crosshead 
which moves between steel guides. The connecting-rod is of 
forged iron, connected at the inner end to the crosshead by a 
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forged steel gymbal, which will allow angular movement both 
m a vertical and horizontal direction, the outer end is fitted 
with another forged steel gyinbal, which also allows movement 
in two planes. This gymbal fits into brackets attached 
to the gate itself, as shown The front end of the cylindei is 
carried by a frame of sleel plates and angles which is secured 
to the masonry, and takes the thrust when moving the gates 
This frame also takes the inner end of the guides, the outer end 
being attached to another girder built into the masonry. Heavy 




Fig. 35 

tie-bolts connect this girder with the cylinder frame. The rear 
end of the cylinder is supported by a cast-iron saddle The 
working valves are of the spindle pattern, a reducing valve 
is fitted on the supply, so that the working pressure can be 
adjusted to anything between 200 Ibs. and 700 Ibs per square 
inch. Automatic cut-off gear is provided. 



SHOP TOOLS. 

The employment of hydraulic pressure to workshop tools 
dates as far back as Bramah's time, a hydraulic planing 
machine having been then erected at Woolwich, in which many 
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of the operations of the tool wore perlormed by water-pressure 
More than forty years ago a direct-acting hydraulic slotting 
machine was at work for some years at Elswick It had a 
stroke of about 4 feet, with a tumbling weight to reverse the 
action, and it was worked with an accumulatoi pressure of 
700 Ibs per .square inch. It was placed vertically upon girders 
supported by pillars 16 i'eet apart, thus enabling large pieces of 
machinery to be easily slotted. 

The adoption of a pressure of 1500 Ibs per square inch 
enables tho sizes of shop tools to be reduced, and their 
portability and convenience thereby increased 3 but in case a 
lighter description of work has to be done, the pressure can be 
reduced by diminishing the weight in tho accumulator 

The transmission of power by a pipe (instead of by belting or 
shafting) for actuating shop tools, is attended with advantages. 
Loss wear and tear arise, and the power can be conveyed round 
1 tends, or to distant points, with great facility. The pipes being 
underground, the cost of the supports, columns, and bearings 
requisite foi shafting is saved. 

The object which has to be attained in manipulating wrought 
iron under a forging, bonding, or other tool is to dispose the 
fibres in tho direction conforming to the purpose to which the 
iron is to be applied Such disposition of the fibres or threads 
in uniformly continuous lines ensures the strength of the mass 
being preseived Tho application of a blow results in a 
disturbance of this arrangement of tho fibres (producing, as it 
were, eddies in the How of tho particles), and tho power of 
resistance is necessarily lessoned. In stamping metal, a 
squeeze, instead of a blow, results m tho preservation of the 
continuity of the particles Tho shapes for the dies at the 
various stages of tho work can be considered with reference to 
the natural tendency of the metal to flow in the direction of 
the pressure which is applied to it. The element of time in 
those operations has been proved to be an important factor, 
in the changes of form which are produced in metals when 
being manipulated. The continuity in the fibres of the metal 
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is better produced by a slow blow of squeeze than with a 

sharp blow. 

The late Mr Tweddell direct oil his attention to the employment 
of hydraulic power to n vetting ami to other purpoweH The 
result was a practical revolution in the working of many nhop 
tools, and the following illustrations explain Homo of those 
which are made by Messrs Fielding & PluU of Gloucester, 
whom Mr Tweddell associated hiniHolf with at the outwU, of his 
useful investigations. 
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One of Mr Tweddell's fixed hydraulic rivottei'M in shown by 
figs 36 to 43 A side elevation in given by lig, 30, an end 
elevation by fig 37 Fig. 38 is a plan and fig. IJ9 a longitud- 
inal section Fig 40 IB a bade elevation, and lig. 41 is a 
front elevation Fig. 42 is a sectional plan of the valve, box 
Fig 43 is a longitudinal section of the ram. These, ilhiHlw- 
tions are taken from the J^'ocwdwyb of IM htuM'tttwit, of 
Mechanical Hwjincers The water from the uwunwktor IH 
admitted to, and exhausted from, the e.ylindov through tho 
small aperture A, figs. 39 and 43, by moans of u simple 
hydraulic valve shown by lig. 42. The- water (.mtoring at 
B tends to keep the inlet valve Hhut, they spring I) Horving 
the same purpose until the accumulator procure begiiiH 
to act. On opening tho valve (J (by the hund-levm- K) 
water is admitted to the cylinder and pUHHOH into it 
against the ram (8 inches diametor) until tho rivot IH ulonod. 
The exhaust valve F is kept shut by tho proBBuro of water 
entering the cylinder, and at other times by I ho npring 1), but 
by pulling tho lever over the reverse way the exhaiiBt valve 
is opened, by which tho exhaust water scapes to tho cistern, 
a small portion being allowed to How through the pipe (1 
(fig. 39) on to the die, to cool it. The ram H is drawn back 
by means of the small drawback cylinder J (lig. 43), which is 
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arranged within the ram itself, and is in constant communica- 
tion with the accumulator through the inlet K. The wedge- 
shaped fastening of the disc (as shown at L in figs 39 and 41) 
ohviates any thickness of metal over the fixing pin ordinarily 
employed to keep the die in its place This enables the rivetter 



Fig 37 




Fig 38. 

to be used for rivetting flanged and angled iron work These 
designs have been altered in points of detail of late years A 
piston valve with leather packing is now used instead of the 
mitre valve, and owing to the pressure exerted by many of 
these machines being from 150 to 200 tons in closing the 
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rivets, at the rate of four or five to the minute, the high- 





Fig 39. 

pressure water is economised by special arrangements, by which 
different powers are exerted Cast steel la now largely used 
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Fig. 43. 

mstead of cast iron for the main frames. Owing to the great 
thickness of the steel plates that are now employed, the rivetting 
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machines now have additional rams by which the plates are 
first brought together by a closing tool, and are so held together 
while the rivet is being closed by the other ram 

The success which resulted from the use of watei -power 
when applied to the lixed nvetters, led Mr Tweddell to design 
a portable rivettei, which was able to be taken to the work, 
instead of the woik having to be brought to the nvetter 

Fib 44 and 45 show .1 sectional elevation and end elevation 




Kitf 41 



of one of the poi table liydraulic rivettmg or punching machines 
In the cylinder A is a plunger or ram B, with two jaws C C, to 
which IK attached a crosshoad or horn D, furnished at one of 
its ends with the cupping die K. The plunger B being forced 
forward by water admitted through a valve by the gearing F, 
the crosshead advances until it meets the resistance of one end 
of the other crosshead G at a point H, which is shaped to receive 
J, and at the other it conies in contact with, and closes, the 
rivet, or punches or shears the plate, according to the purpose 
it is used for. At the same time the outside crosshead (or one 
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farthest from the cylinder) is held up again at I/ho erosshoad 
D by two tension lods KK attached to the crosshead (1 at LL, 
and to lugs cast on the cylinder, the rods receiving the thrust, 
The horns or crossheacls are supported by the through pms 
MM, whilst the horn which is attached to the plungoi P> is 
steadied by the guide N. The nuts regulate* the distance 
from the face of the cylinder A to the centre lino of the cross- 
head G- The ram B is always subject to a drawback action 
owing to the self-acting cylinder P having the accumulator 
pressure constantly exerted upon the shoulder Q. This power 
comes into action as soon as the water IB exhausted through 
the valve F The water-pressure is admitted to the cylinder P 
by the inlet pipe 11, and is exhausted by the pipe S, both being 
worked by a handle 

The dotted lines show the arrangement foi keeping the 
machine up to its work A frame T is fixed to the outer horn 
D, and in this is a pin V attached to the frame by a nut W, 
and having on it a roller X, which has a free votary motion 
The roller is covered with some flexible material, and serves to 
keep the machine in its right place, and up to the work Y. 

A form of portable hydraulic nvetter is made which can be 
fixed to a bracket temporarily at any part of a yard where 
rivettmg has to be done, that admits of the temporary Hotting 
up of a portable machine. Where hydraulic power IH applied 
to movable machines, the high-pressure water is conveyed to 
the machine by lengths of copper pipe twisted spirally, and 
having universal joints, which arrangement forms a good clastic 
connection capable of being turned in any direction. The con- 
tinuity of the supply to meet the varying positions of the 
machines is ensured by a ball-and socket joint, and by a double, 
right-angled joint, as shown by iig 46 

Where plate-work has to be put together abroad, the con- 
ditions of labour render it difficult to ensure thoroughness of 
work in rivettmg, and it is often worth while to set up a small 
hydraulic power installation to rivet by these machines, so that 
the certainty of good work, with the minimum of hand labour, 
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is ensured Where the transport of the heavy weights for 
ordinary accumulators is a difficulty, a high pressure on water 
can be obtained by applying low-pressure water from a cistern 
to the large (or low-pressure) piston of an " intensifying accumu- 
lator" already descnbed By means of a portable engine, 
water is pumped into the small end of this accumulator, from 
which it is conveyed by a high-pressure pipe to the machines 
A pressure of 20 Ibs per square inch can be obtained on the 
large end of the piston of the intensifying accumulator with a 
head of water in a cistern of about 40 feet , and as this water is 
not consumed, but remains permanently acting on the laiger 
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Fig 46 

area, no waste takes place A small tank holding 30 gallons 
will keep a 6-inch portable nvetter in full work, at a pressure 
of 1500 Ibs per square inch 

Hydraulic rivetters are applied with great advantage m ship- 
building, and the results lead to the opinion that the strength 
of the ships which are thus rivetted is increased The best 
authorities are agreed that on machine n vetting the stiength of 
the steamships of the future, with their increasing engine- 
power, and with the corresponding stiains and vibrations, 
largely depends. By means of hydraulic rivetters, not only is 
the quality of the work improved, but a labour-saving appliance 
is employed in a class of work requiring but little skill 
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At the London and North- Western. Railway Locomotive Works 
at Crowe, Mr Webb employs hydraulic rivettmg machines to 
rivet locomotive boilers and engine side frames. He considers 
that work done by hydraulic machines is superior to, and cheaper 
than, woik done by hand or steam He examined some plate 
work that had been nvetted under a pressure of 47 tons, and it 
was found that the plates had not suffered at all by the action 
of the hydraulic nvetter. The " drifting " of the holes, which 
is necessary in hand rivetting, he considered to be more pro- 
ductive of injury to the plates than any combined squeeze and 
blow of a hydraulic rivetter. The closeness of the work that 
hydraulic rivetters turn out has been proved by the fact that 
some portable boilers made by them have been found to bo 
steam-tight without caulking The plates in these cases were 
j| of an inch thick, and the rivets fj of an mch. The avoidance 
of caulking is important, as it prevents the interference with 
the close contact of the plates, which occurs sometimes in 
caulking. 

The application to a rivet of a combined blow and squeeze 
-(like that obtained from a hydraulic rivettor) prevents the 
formation of a shoulder on the rivet between the plates, such 
as is produced occasionally with machine rivotting, when a 
sharp powerful blow is applied It is desirable to prevent 
shoulders, as they involve drilling out the rivet, and the 
caulking of the joint 

The action of hydraulic pressure m rivettmg operations has 
been well shown by indicator diagrams taken from the pressure 
cylinders of the Tweddell rivettmg machines at the Toulon 
Dockyard. Professor Unwm pointed out (in a lecture on 
Water Motors at the Institution of Civil Engineers) some 
interesting features which were exhibited by those diagrams, 
as they diflbr altogether from those taken from an ordinary 
steam-engine, A steam-engine is actuated by a fluid of com- 
paratively little weight. Water, however, being 500 times as 
heavy as steam, involves the consideration that its weight acts 
with, and increases that of, the piston. For instance, in the 
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case of a rivetter worked from a differential accumulator 
through a 1-mch pipe, the velocity with which the watei is 
forced by the accumulator through the pipe to the rivetter is 
increased or diminished according to the speed of the rivetter 
ram, by which the mass of water m the accumulator cylinder 
and pipe acts both to increase or dimmish the effect produced 
by the ram Assuming, as is the case in practice, that the 
motion of the loaded ram of the accumulator is six times as 
fast as the rivettei ram, the inertia of the accumulator load is 
36 times as great as it would be if it moved at the same speed 
as the rivetter lam Further, the force due to the inertia of 
the water passing into the nvetting cylinder is moie than 



ACCUMULATOR PRESSURE 




Fig. 47 

6000 times as great as would be the case if the watei and 
nvetting ram travelled at the same speed, owing to the fact 
that the velocity of the water is 81 times as great as that of 
the ram. This results in the weight of the ram, which closes 
the rivet at each stroke, exerting a force of 300 tons 

Professor Unwm has shown by indicator diagrams the action 
that takes place in a rivetter cylinder Fig 47 is a diagram 
from a rivetter driven by a differential accumulator through 
30 feet of 1-inch pipe It will be seen that whilst the pressure 
is least at the beginning of the stroke, it jumps up at the end 
of the stroke above the accumulator pressure of 1400 Ibs pei 
square inch, showing the action of the machine to be favourable 
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to the work to be performed, by slowly closing the nvet at 
first, and then by bringing the maximum pressuio, in the form 
of a squeeze, at the last. The rectangle A c d X would be the 
diagram without friction and inertia, but the actual pleasure is 
much less, being only the shaded part of the figure. Fig 48 
given an analysis of the friction. 

The friction of the cup-leather of the rivettor is shown by 
the small shaded rectangle A a & X, and the friction of the 
packing of the accumulator is shown by the small shaded 




FRICTION OF niVCTTCn 
Fig 48 

rectangle c, c df The friction of the water in the 1 -inch pipe 
is shown by the large shaded surface a m k B <y, and this 
friction maintains the safe working of the machine at about 
a foot per second. The two blank spaces , e m and in Jef 
represent the stored work in the first half of the stroke, and 
the excess of work at the end of the stroke, respectively, 
which is also shown by fig, 49 

Rapidity and economy result from the use of hydraulic 
power, m rivettmg, as compared with hand labour. Even in 
heavy work, hydraulic nvetters have put in 1000 1-J-inch 
rivets in 1-inch plates in an ordinary day's work of 1 hours 
In portable boiler- work the average rate of working IB 7 rivets- 
per minute, and it has been recorded of one machine that 
it put m an average of 5000 rivets a day for several weeks. 
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With adequate accumulator powor 15 rivetn per minute, can 
bo put/ in. 

Plate '56 <>;iveB tho result of a largo number of obsorvalioiiH 
as to tho comparative npood and cost of woik done by port able 
nvottmtf machinos au<l haiul work. In all canes tho hand 
work IN shown in dottod linen and that of the machines in 
full linos 

Tin* ijuality, economy, and superiority of the work per- 
formed by hydraulic rivottorw indicatt^ that it will be univer- 
sally adopted in tho future whore water-power is available, 
or whoio the permanency of tho demand for the po\ver 
s tho in.slallatum of it. Many intoroMtin^ oxpeninentH 
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have buen niado by IVofcHHor Kenntuly on " Hiv<ittcd JointH," 
the rewtiltH of which havo been doHcribed in paptM'H to tlu v 
Institution of Mechanical Kn^inooiu In uonHidorintf tho 
fitreiiLfth of a joint it IH important to notice not only the, 
strain at which fracturo taken place, but also that at which 
the joint beginn to givo way by ftUppin& Jud^etl by thm 
titandard tin* iiiac.him^ work waw nhown to be much Htroniijor 
than tli< hand work, In hand rivotting [|-in<'h pliitiw, it, 
wan found that Hlipping began at 2*7 por cont, of tho breaking 
strain, whoraw* in the, mauhino joints the Hlippinp; did not 
eoinmouco till tho at/rain had reached 59 por cont, of tho 
teoaking Htnttn, In tho hand-rivettod |-ine,h platen, di 
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began at 1(5 per cent, of the breaking strain, and m the 
maohme-nvetted at 28 per cent This appears to show 
conclusively that, regarded from a practical point oi! view, 
mat 'hme-r wetting possesses very decided superiority over 
hand work. In UIOHO experiments Tweddoll'a machines were 
lined, and tho pressure upon the rivet-heads was 35 tons 
pur square inch. The loads per rivet at which slipping 
begun woro found to be lor ; , 5 -inch rivets single rivetted by 
hand *2t, tons, for -'[-inch rivets double rivettod by hand 3 to 
11,1 tons, for '/-inch rivots double rivetted by machine 7 tons 
Tlu* corresponding loads for 1-inch rivets wore ,'] 2, 4, l> >, and 
N to 10 tons respectively. Tt IB thought that the load at 
which visible slip coinmencGS is probably proportional to 
the loud at which loukugo would occur in a boiler, 
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Fig, r>() HhoWH mm of tho latost stationary rivutting machines, 
HpiM-ially tidapUMl for dealing with marine boilers, This machine 
is lillud \sitih this platn-c.loHor Byntoin, c,onsistiiig of an arrango- 
UH'iit. i'tn 1 pniHHing thti plates tightly togetlusr whilst closing the 
rivot. This .system WSIH lirrtt devised by Mr John Fielding to 
input, tins nM[iiirt)inoul.H of Lhe rapidly-increasing pressures 
\vhich wtn'o dt'jnmidod in connection with triple and quadruple 
oxjianmoii nuiriiu* tniginew, Those machines can also bo used 
wilhoul plat( i "(,'lt)Hing, (IH doublo or (in HOHIO canes) treble power 
iiimdmu'H, and fun thun dual with a great variety of work 
btHtduH 1.1 it 1 heavy boiler Hholls, They are made, if required, 
with both thn main Htandrml find hob in stoel, cast in one piece 
up to a corUin weight, and beyond this bolted together like the 
UHtHtmtion. 

Fig, Ul shows one of TwoddeU's hydraulic portable rivetting 
uiiK'.hiiU'B of tho dirootraoting type, the power cylinder being 
formed on llio outl of one of the arms, It is shown fitted with a 
Imnger, mmbling tho maohino to be turned and worked 
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in any position without, bieakmg the joints These machines 
are also fitted with simpler forms of hanger from an eye bolt 
(enabling the machine to be used in a horizontal or vertical 
position) to the compound hanger shown, and they are made 
from 3-inch gap up to 7 feet 6 inches, and even larger 

Fig 52 shows a type of portable iivetter, being the Fielding 








Fig 50 

"hinged" type, which is preferable where it is important 
to have both the rivettmg dies clear of the hydraulic 
cylinder, so that they may get into corner work, and rivet 
angle irons on to Hat plates, etc In it, both the rivetting dies 
are clear, and the levers carrying them oscillate on a strong steel 
centre-pin or gudgeon. The hydraulic cylinder and ram are 
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placed at the other end of these levers, and by making the centre 
line of this cylinder follow the radial path of the arms, of which 
the cylinder forms the outer end, connecting rods between the 
two levers are avoided. The result of this arrangement is that 
the machine- is in practice as rigid and stiff as if it were in 
one casting. 

The form of hanger of this machine admits oE the arms being 




Fig. 51. 

placed either vertically or horizontally, as shown, and, of course, 
in any intermediate position in the sanio plane. If desired, 
suspension eye bolts only are furnished, suspending the machine 
either vertically or horizontally, but not in any intermediate 
position. By means of the compound hanger, the nvetter can 
be moved into any position, without interfering with the passage 
of pressure water to the cylinder. 
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Tig 53 shows one of Twedclell's hydraulic vortical boiler 
shell plate bending machines, which is coming into use instead 
of bending rolls The latest machines are capable of dealing 
with plates up to 2 inches thick The practical results which 
are claimed for this machine are that the plate is bent to a true 
curve piactically to the end, and much more completely than is 
possible with rollei machines , that narrow curved plates or 
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joint strips can be bent as well as complete shell plates , that 
it is impossible to over-feed, and thereby break, the machine 
Platos can be bent much quicker than by rolls and with less 
labour Less floor space is required, a machine capable of 
bending plates of cold steel If inches thick, 13 feet wide, only 
taking up a space of 15 feet by 5| feet It can be placed in any 
position irrespective of shafting, and requires no separate steam 
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engine It is less costly than bending rolls of equivalent 
capacity. The mode of working is extremely simple The plate 
being placed edge up on small rollers on a level cast-iron floor, 
is hauled through the machine in shoit steps of about ,> inches 
length, by automatic feed gear, at every stroke of the bonding 
die No additional manipulation by the attendant is necessitated 
by this new arrangement , all that he has to do is to work one 
valvo lever, and the machine takes in the straight plate and turns 
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Pig 53 

it out bent to the required curve at one passing through the 
dies, Nearly all manual labour is therefore dispensed with, a 
boy to work the valve, and a man to test the curvature as the 
plate issues from the dies, being all that is required, The speed 
of working is such that a large plate 1| inches thick, 13 feet 
wido, can be bent with final curve at from 2 to 3 feet per 
minute. These machines are usually made to suit the standard 
pressure of 1500 Ibs. per square inch, but can be made to 
work at any other pressure if desired. 
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Fig 54 shows a Twoddell hydraulic Hanger which is designed 
to do the work stop by stop, and following generally, but more 
perfectly, the present hand process, thus making unnecessary the 
expensive dies and moulds that aro required for flanging at one 
stroke of a press They are constructed with three hydraulic 
cylinders, two vertical and one horizontal The outer vortical 




Pig 64 

ram grips the plate on tho segmental block, representing a 
portion of the circumferential flange, while the inner ram in 
its descent turns clown the plate. After about 8 feet to 9 feet 
of tho flanging is thus done, the inner ram is raised out of the 
way and the ram of the horizontal cylinder advances and 
squares the flange up For flanging boiler fronts the dies and 
guides are removed, and the dome ends and furnace mouths are 
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flanged by dies of the usual construction. In this case the two 
vertical rams of the same machine are coupled together by the 
top block, thus utilising their combined power 

Fig. 55 shows one of Tweddell's hydraulic Hanging presses 
for Hanging boiler plates, etc , at one operation It has a main 
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Fig, fi5. 

v*Wiui> t*nm below with four vice, or holding, rams for 

oo-ainst the surface of the upper die. A 

onetimes fitted inside the main ram for 

holding smaller plates which cannot be reached by the outside 

supplementary rams* A water-saving arrangement is shown, 



HYDRAULIC STATIONARY RIVETTBR. 125 

consisting of two small rains for moving the press table until 
it comes in contact with the work, when pressure is automati- 
cally admitted to the operating cylinders. Whilst tho press 
table is being raised by the small rams, the main cylinder is 
kept filled by water from an overhead tank, or other low- 
pressure service 

Hydraulic power has been applied to weld pipes made of 
wrought iron or steel, and the processes employed result in the 
joint being practically of the same strength as tho solid plates 
Messrs Thos Piggott & Co of Birmingham have devoted much 
attention to tins, and the following data are based on their 
expenence Eavetted pipes of all diameters aie generally made 
in 25-feet lengths, this being found most suitable from long 
experience Welded pipes, from 30 to CO inches diameter, are 
made 111 24- feet lengths, being built up of three cylinders, each 
8 feet long, and joined together with welded external circum- 
ferential butt straps, shrunk on and rivetted , these pipes are 
of especial advantage where external earth pressure has to be 
resisted, as the butt straps add additional strength. Welded 
pipes under 30 inches diameter are generally made in lengths 
varying from 15 to 18 feet from a single plate, although in 
cases where greater lengths are required they can be joined 
together by means of butt straps, as before mentioned, or cir- 
cumferentially welded, so that as far as the length is concerned 
there is not much advantage in using either the rivetted or 
welded type of pipe. These pipes are made in thicknesses from 
Jth of an inch to 1 inch, according to the pressures and 
purposes foi which they are intended 

For lapwelded pipes steel, and not iron, plates are more 
suitable for manufacture in every way, possessing all the ad- 
vantages of the latter without its defects It can be more 
readily worked up, is much stronger and more reliable, Tf 
wrought-iron plates are used, they have to be rolled with the 
gram running circumferentmlly, to prevent cracking; whereas 
in steel this precaution is unnecessary, as the tensile strength, 
elongation, and contraction of area are almost identical, taken 
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either lengthwise or crosswise of the plate. All plates should 
be uniform, of a fine close texture, 1'iee from blisters, lamina- 
tions, and other maiks or imperfections due to defective rolling, 
und the surfaces smooth and oven 

The most suitable quality of steel is Siemens Martm, made 
by the acid open, hearth process, having lengthwise or crosswise 
a tc.nsile strength of 24-27 tons to the squaio inch, with an 
elongation of 20 per cent, in 10 inches, and a minimum reduc- 
tion oC area of HO per cent Strips 1] inches wide heated 
uniformly to a low clioriy rod and cooled in water of 82 F. 
should stand bending, double in a press to a curve, ol' which tbe 
inner radius is U times the thickness of the plate, the area of 
crass section of 11 10 tost pieces being not loss than ^ inch. 

The longitudinal edges of the plates to bo welded together 
are aocuiatoly planed to L'orm 1 levelled or scarling edges, and 
an of hueh a width as to (hush to the inquired diameter of the 
pipo, The plate is then rolled up so as to give a uniform over- 
lap equal to the thit'-kness of the plate throughout its whole, 
length, The curved plate is then placed on a trolley and the 
la]i houloil by water gas under a tuyere furnace to a welding or 
bright yellow liwit, Tho curved plate is then run under a 
steam hammer and woldod up, bomg smartly handled, so tm to 
get. tho bust ollbut out of each beat, Tho boat is applied rapidly 
ami wtfulurly, HO as to prevent injury to the plates from im- 
ctjual Iwtttiug, Al'tor wolcUng, the pipos aro ro-hoated in a 
furnace to a good red boat, and then re-rolled, to ensure their 
being puruH'.Uy cylindrical, Tbe pipos arc, then allowed to cool 
m a dry pkco whwc, sudden chills will not afibct thorn, thus 
allowing Uwiu to bo perfectly annealed. Tho jiipos are then 
fui'iscl lit a HjxM'.ial inachino at ono o])oration, thus being left 
prfnt'.tly stpiarts with tho axis. 

HYOKAULTC DKfLL 

37 HhowB a Marc Bonier - Fontaine direct-acting 
drlllhiK apparatus, It consists of a three-cylinder 
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hydraulic engine connected dnectly to the drill press The 
apparatus is made in various sizes and forms The one illus- 
trated has cylinders ly J G inches diameter with a stroke of 
l^\ t inches, and is designed for working pressuies up to 
1500 Ibs per square inch, being capable of drilling holes of 
Ij- niches diameter in iron or steel, the drill spindle having a 
feed of 4 inches The apparatus is provided with clip handles, 
so that it may be readily fixed in any required position The 
pleasure water for driving the engine, and the exhaust watei 
from it, are conveyed through flexible tubing, a stop valve being 
fixed on the valve chest to regulate the running of the engine 
This machine is well adapted for stiuctural work, such as for 
boilers, girders, etc , and also for use in shipy ai ds for drilling 
holes in place during construction The machine that is illus- 
trated weighs about 85 Ibs A larger size, which is capable of 
drilling holes up to 2 inches diameter, weighs about J10 Ibs. 

Plate 38 shows another form of the apparatus, the motor and 
drill press being separated, the power being conveyed through 
a flexible shaft. In this case the engine is bolted to a driving 
attachment, to which one end of the flexible shaft is connected, 
the other end being connected to the drill press. This form of 
the apparatus allows of the engine remaining in one place 
whilst any number of holes may be drilled within the range of 
the flexible shaft, the drill press only being moved from hole to 
hole The apparatus, like the direct drill, is provided with 
handles for carrying about. 



MANHOLE GUTTER 

Hate 39 shows a Marc Berner-Fontame hydraulic manhole 
cutter for cutting circular or oval manholes of any diameter 
up to 30 inches, in iron or steel The double radial arm which 
carries the cutters is driven by a three -cylinder engine through 
worm gearing The engine has cylinders If inches diameter, 
with a stroke of 2 inches. The feed is given to the cutters 
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automatically, the star wheels on tho i'oed screw engaging with 
a stud on the frame at each revolution. Tho maclrmo is held 
to its work by means of a tension bolt (passing both through 
the frame and the plate to be cut) to a light Htoel bridge 
bracket on the other side of the plate Tho only preparation 
that is required for fixing tho machine is the drilling of a Binglo 
hole about 3 inches diameter Tho manhole cutter may then 
be fixed in position ready for work, Tho apparatus may bo 
applied m any position, either on work in course of ooustnic- 
tion, or on the plates themselves in tho yard Tho working 
pressure is 1500 Ibs per square inch 



HYDRAULIC DRILL AT ST UOTUAKJ) TUNNIDL. 

In the construction of the HI Got/hard Tunnel, hydraulic 
power was successfully employed for tho purpose of rock- 
drilling The Brandt rotary drill wan used at tho Pfaf'fen- 
sprung Tunnel on that railway, and more recently at tho 
eastern end of the Arlberg Tunnel, The power was obtained 
from two high-pressure pumps, which wore worked by a tuvbino 
pumping into an accumulator at a pressure of 1200 to 1500 
Ibs per square inch, A f|-meh wrought-iron pipe conveyed 
the water to the machine Plates 40 and 41 show the construc- 
tion of the drill, as explained to the Institution of Mechanical 
Engineers The drill M IB hollow, and in Hi-rewod on to the 
hollow bar Q, which is attached U> tho plunger 1 of the mm 0, 
working in the guide cylinder P (Tpon thin guide (and in one 
piece with it) is a spur wheel 11 driven) by tho worm J. Tho 
whole machine is movable from the horizontal tnbo N (to 
which it is attached) by the collar piece F, Tho stop cock 7, 
in the valve-chest B admits the water into a branch pipe load- 
ing to the motors D E (about 1 3 h,-p. each). Those drive tho 
worm J, which rotates the drill, at the rate of from 7 to 10 
revolutions per minute. By opening tho tap Y the water is 
admitted through the pipe U to the back of the drill plunger 
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I, thereby pressing the drill against the rock with a force of 
from 10 to 12 tons. When the tap Y is closed, the water 
passing through the pipe 11 drives back the plunger The 
extent to which the tap Y is opened regulates the pressure 
upon the plunger 

The hole can be washed out, to clear it of debris, by closing 
tho cock G in the pipe leading from the motors to the escape 
hose S The exhaust water from the engines then passes by 
the pipe V into a pipe in the cylinder 0, and is discharged 
through the hollow plunger and drill into the drill hole 

The supporting pillar JST consists of a tube with a plunger 
fitted into it By admitting water-pressure into this tube, the 
plunger head is forced out against the sides of the heading, by 
which the pillar is set fast The plunger can be withdrawn by 
means of a two-way cock. The pillar and drills are carried on 
a trolley, and are counterbalanced so as to be in equilibrium 
when the pillar is not fixed. 

The Brandt hydraulic rock drill has been successfully used 
in the construction of the Simplon Tunnel, and an account of 
this was given m The Engineer for January 1895. The 
employment of percussive drills worked by compressed air, 
01 of rotary drills worked by hydraulic power, has engaged the 
attention of those who have to carry out work of this kind, 
and Messrs Brandt & Brandau adopted hydraulic drills when 
contracting for the Simplon Tunnel, the makers being Messrs 
Sulzer Brothers of Wmterthur. 

Plate 42 is a longitudinal section of the type of drill adopted 
for the Simplon Tunnel, through the drill cylinder, showing one 
of the hydraulic motors in elevation. Fig. 4 is a horizontal 
section through the motors, and fig. 5 shows two drills at work. 
In Plate 42 the post or column on which the drills are 
carried is showa at W. They can slide along this or be turned 
to any angle, and are then fixed in position by the clamp V. 
The fixed plunger S 1 stands on S, which is the base of the 
machine. On this plunger slides the cylinder L, which through 
the rod 1ST presses the drill against the rock which is being 
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"bored. Twin hydraulic motors C and D, working up to 
25 h-p, are fixed by screws to the base B. The pistons 
of these motors E drive two cranks, set at right angles to one 
another, which turn the same shaft, on which there is the worm 
P This turns the worm-wheel Q, which rotates the cylinder K, 
and E is connected by grooves and feathers with the pressure 
cylinder L, so that by its means a rotary motion is given to the 
rod N and the drill 0, which makes from six to ten revolutions 
per minute 

The cylinder L, and consequently the drill, can Tbe moved 
forward 2 feet 2 inches, until it assumes the position shown by 
dotted lines m figs 1 and 2 It is then moved back, and N, 
which consists of a series of pieces, connected by very quick- 
running screws, is lengthened These pieces, as well as the 
drills, are made of drill steel 2| niches diameter, with a f- inch 
hole running through the centre, to allow water to pass to the 
end of the drill. This is widened out to 2^ inches diameter, 
and has three well-hardened saw-shaped teeth When blunted, 
the drills are partly ground and partly milled. The column W, 
which serves as support for one or more drilling machines, 
-consists of a cylindrical tube, which by hydraulic pressure is 
very firmly fixed between the sides of the heading With this 
object, there is a differential plunger with a piston at the open 
end of the tube. By means of a two-way cock the pressure 
water can be made to force the plunger either in or out, BO 
that the column can be securely fixed or loosened immediately 

To work the machine, the column is first secured in position, 
the drills are then placed as may be desired, being turned by 
means of the universal joint in their base, and they are then 
clamped to the column hy V. The movable end of the pressure 
mam is then connected to A, and the motors started by means 
of the valve B By partially closing this valve, the speed of the 
motors may be regulated as desired. On the top is a two-way 
ock for moving the pressure cylinder L, and consequently the 
drill, backwards and forwards, and there is also a regulator 
Yalve for regulating the pressure of the water from the mam 
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so that the pressure on the drill may be increased or diminished 
according to the hardness of the rock When this has been set, 
the advance of the drill is automatic. 

The water which has served to drive the motors can still be 
used to wash out the bore-hole, as it can be passed through the 
tube H into the hollow rod and the drill, where it serves to 
keep the teeth from being clogged by powdered stone, which it 
washes out through the space between the rod and the sides of 
the bore-hole. The supply of this water is regulated by the 
cock G-, and all that is superfluous passes out through a hose, 
which conveys it to the dram. The working pressure vanes 
from 3*75 Ibs. to 1 500 Ibs. on the square inch. 



HYDRAULIC RAM. 

The hydraulic ram is a machine of great simplicity, which 
enables the power of a fall of w.ater to be used directly to raise 
water to a height greater than the fall. 

The principle of its action is the elementary dynamic law 
that the energy of any body m motion will be absorbed, and 
consequently the body will be brought to rest, by any resistance 
which opposes its motion if such resistance acts through a 
sufficient distance 

This principle affords a particularly suitable way of using the 
power of a fall of water, when the work required to be done is 
pumping water or compressing air, as the work to be done 
affords a suitable resistance to absorb the energy of a mass of 
water. The mass of water is provided by the contents of a pipe 
of suitable length conveying water from the source of supply to 
the machine, which is placed in a tail-race. The machine, as 
ordinarily constructed for small quantities of water, is an iron 
box in which are two valves, usually called the pulse or waste 
valve, and the discharge or delivery valve. An air-vessel is 
mounted over the delivery valve, and the delivery pipe takes 
off from this air-vessel. Through the waste valve the water 
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hvul) weapon into tho tail-race Cor a abort time (usually 
Imtvvoou mu and two seconds). The contents of iho pipe 
timing UUM tmiu acquire a certain velocity, and whon tho 
pressure mi (.ho vulvo canned by tho head duo to this velocity 
is sullieumt to ruiHo it, It docs HO and clones tho valvo, The 
wuU'i', having tliou no other outlet but tho delivery valve, 
opmiH thiH vulva and HOWH through it against whatever pressure 
thorn may bo in tho air-vowsol, until tho resistance ottered by 
tins proswiro has absorbed all tho energy oC the column of 
watei, and luw HO brought it to rest. A curtain reflux of the 
wnt or then taken place, which opens tho waste valvo, and the 
uyi'lo of uporatioim in ropoatod. Tho water so pumped into tho 
air VUHHO! IH tliwhargod through tho delivery pipe in a 
continuoiiH Htroani. 

MjU'hiuoK made m this manner work very well when suit- 
ably proportioned, hut it has not boon customary to nso 
wahto vulwn larger than 4-incli diameter, as tho shutting 
ia aiMionipliHliod with very considerable violence. This is 
ottHily undorstood whon it ia considered that, even if it were 
loKod by a prossuro which continued conatant, its velocity 
would bo ut its maximum when the valvo shuts, and in tho 
actual caso tho preHHuro continually increases in amount, so 
that when tho valvo ehuls, it is many times as great as when 
tho valvo bogan to move. 

It has boon attempted to reduce this violence by checking 
tho speed of tho valve by balance weights, springs, anil 
similar contrivances; but it IB evident that it must be very 
detrimental to tho efficiency of the machine to delay tho 
shutting of tho valvo, because the narrow orifice o! the nearly 
closed valve chocks the How of tho water, and so wastes the 
energy which lias boon imparted to ifc in the same way as, by 
the slow closing oC a sluice valve, all the energy of the water 
ilowing in a main may be wasted, and the water may be 
brought to rest while closing the sluice, This difficulty 1ms, 
however, boen removed by the device, due to Mr H. 1). 
Poarsall, of providing a space into which some of the water 
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flows during the closing of the waste valve. The velocity 
of the water escaping by the waste valve is not then 
increased while the valve is closing, and the valve may, 
consequently, be closed as slowly as desired, and so without 
violence, and thus it became practicable to make very much 
larger valves 

The special object Mr Peavsall had in view was the con- 
struction of ranis which might be available for the largest 
engineering works , but this had hitherto not been attained 
The difficulties, however, appear now to have been overcome 
by means of this and various other improvements which have 
been introduced by him 
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Plato 43 shows a sectional view of Pearsall's hydraulic 
engine, of which the following is a general description In 
place of the waste valve D of the ordinary hydraulic ram 
there is an annular sliding valve d, and in order that the 
opening and shutting of this valve should be made exactly in 
the pre-determmed times, it is moved by a cam li which is on 
a shaft lc turned by a small auxiliary engine I. The cam is so 
formed that the motion of the valve is dead slow at the instant 
of shutting, and so closes without any concussion When the 
valve d is open, the water escapes freely through it into the 
tail-race, and the water column in the flow pipe B acquires 
velocity and momentum. As the valve e closes, this outlet is 
out off, but the flow is not interfered with, as the water can 
rise freely in the chamber m, which is full of air, the air 
escaping as the water rises through the valve n The quiet, 
slow closing of the valve, therefore, does not cause any loss of 
useful effect. The size of this chamber is so proportioned that 
it is not filled with the water entering it until a short 
time after the mam valve is quite closed. The air valve n is 
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enclosed in a tube o; the depth which it. projects into the 
chamber can ho regulated by a screw. I f it is allowed to pro- 
ject a little into the chamber, the layer of air in the chamber 
above the edge oi' this tube cannot escape through the air 
valve If, on the contrary, the tubo IB raised till it.s edge is 
Hush with the roof of the chamber all the air escapes through 
valve n. Supposing the tubo to bo in the latter position, the 
water on filling the chamber opens the valves e and (lows into 
the space /, which communicates with a larger air vessel (not 
shown) from which the delivery pipe takoK the water to an 
elevated reservoir. The air valve n is closed by the How of a 
small part oC the water up the tube o, past a float attached to 
the air valve 

Usually the position of the end of the tube is a little 
below the roof of the chamber, and then a little air is com- 
pressed by the column of water and outers the air-vessel with, 
or rather in advance of, the water. The object of this is to 
keep the air-vessel replenished with air, and for use in the little 
auxiliary engine /, which, as already stated, moves the mam 
valve d, 

The How of the water past the valves e into the air-vessel 
against the pressure existing there, gradually retards and finally 
arrests the column of water in the pipe I). This is accomplished 
without any internal blow, and without any rise of pressure 
exceeding (except by a few Ibs.) that in the air-vessel, This 
has been proved by indicator diagrams taken by an ordinary 
indicator from the chamber w. 

The water having, by this static resistance, been brought to 
rest after a considerable interval of tune, the main valve is 
again opened, the air valve falls open, and the chamber m is 
emptied of water and again filled with atmospheric air through 
this valve. 

Engines of a similar type have boon used also for compress- 
ing air. This is accomplished by lowering the tube still 
further below the roof of the chamber, and so preventing the 
escape of a larger proportion of the air which was in the 
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chamber In compi casing aii, the chamber tn is larger or 
smaller, so as to hold more or less air, according to circum- 
stances chiefly depending on the amount of the fall. The 
quantity of air is in all cases regulated with any degree of 
exactness by the position of the tube 

Such engines could be used for very large water powers, 
taking the place of a combination of water wheels with pumps. 
It will be an advantage to substitute one such simple machine 
for the combination of two machines, and as it involves only 
one transformation of power instead of two, a much higher 
efficiency results The efficiency actually obtained has been 
over 70 per cent m pumping water. In compressing air the 
difference is even more striking, as these machines have given 
an efficiency of over 80 per cent. 

Herr Pfaehler employed water at the Sulzbach Altenwalcl 
Colliery, near Saarbuicken, to transmit the power from a 
steam-engine at the surface to actuate pumps at the bottom of 
a shaft 306 yards deep The steam-engine has a cylinder 
53 inches in diameter and 61 5 inches stroke, connected with 
pressure plungers 9 inches in diameter and the same stroke. 
These plungers are brought into connection with an under- 
ground pumping-eiigme, consisting of four pressure pumps, 
with plungers 6 inches in diameter and 66 inches stroke,, 
arranged in pairs, and put in motion alternately by the surface 
plungers. Between each pair of plungers (which are connected 
by a crosshead) is placed the working plunger of one of the 
mine pumps The engine at the surface transmits the effort of 
each plunger through its rod tube to the corresponding pair of 
pressure pumps under ground, and this actuates the working 
plunger connected with it, either drawing or forcing water, the 
other pair acting conversely The water is forced into an 
air-vessel, and thence through the rising main in one lift to the 
surface, the power supplied by the descent of water in one 
column being nearly sufficient to effect its return in the other. 
The tubes were proved to 100 atmospheres. The working 
pressure on the underground pumps (due to the difference 
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U'UuM'u Uunr amis and thoso of tho pumps at the surface) is 
:*0 t.tijU)Sph(mH, .aid the hydrostatic head m the rods is 
1! T at muspluuoH Tlio total working pressure, including friction, 
i^ 77 atmosplunvH, or about 1155 Ibs. per square inch The 
ru^mo IH worked at a speed of 10 double strokes per minute, 
tin- di'livory of water being continuous. Careful observations 
\\n uuido in order to ascertain the work absorbed by the 
ftiHmu of tho dtl'l'mont parts of the inacbinory, and it was 
fuuml to bo from 2H to 29 per cent, of the total power 
dt^t'lnpinl Tho effective work of the pumps, at 10 double 
t^jukt'M per minute, was 100 h-p,and the indicated h -p of the 
rit'MHi', \\iUt a luoan pressure of 20 Ibs per square inch on the 
pi.^huj, WUH l.'tO li.-]),, which gives a combined efficiency of 75 



PUMPING ENGINES 

Plato 44 Hliowa a longitudinal section through an Elswick 
hy<lrnuli<5 (JU^ino, which is described in Messrs Lloyd and 
Umulcotik'M book on Gunnery as follows 

A is 0110 of the low-pressure steam cylinders , B, one of the 
lm\li-invKHuro cylinders Tho low-pressure jnston is connected 
(hy moans of two piston-rods D, one passing on each side of the 
lu#h -proHfrnro cylinder) to the same crosshead as the single 
mHtuu-votl D, from the high -pressure piston. The crosshead is 
utan ktsyod to tho plunger-rod K. On tho forward stroke of the 
Tilmi^or, a charge of water is forced through the first delivery 
vitlvw F. Half this charge is required to fill up the space 
whit'li wotiltl otherwise be rendered void by the advancing 
pluugor ; the other half-charge is forced up the second delivery 
valves K and into the pressure pipe. On the return stroke, 
l,ho wttior on the other side of the plunger is forced through the 
vulvo K and another charge is drawn up through the suction- 
vtilvo into the pump- The sectional area of the rod K is just 
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half that of the pump cylinder, hence the deliveries of the 
forward and backward strokes are equal. Connecting rods 
from the crossheads drive a shaft which works the slide valves 
MM 1 of the steam cylinders by means of eccentric gearing 

Tho hydraulic governor is shown at P, and the relieve valve 
at N". The handle G- is provided as a means of either closing 
the suction valve or limiting its throw 

Copper pipes were, m the earlier clays of hydraulic machinery, 
exclusively used for the supply system, but the Elswick firm has 
recently introduced piping of manganese bronze, and as this is a 
stronger material, its use has had the very important lesult of 
reducing the weight of the piping a very serious item when 
copper pipes only are employed. 

Plate 45 is an Elswick compound condensing pumping engine 
for producing high pressure hydraulic power The engine is of 
the vertical inverted pattern and has three cylinders, one high 
pressure and two low pressure. In line with each cylinder and 
coupled direct to its piston rod is a pressure pump, having a 
plain plunger, each pump being provided with suction and 
delivery valves and air-vessels on the suction. Pins in the 
motion blocks at the junction of the piston and pump rods 
take connecting rods which are coupled to a three-throw crank 
shaft, the cranks being placed at equal angles A fly-wheel is 
X>rovided at each end of the crank shaft The distribution of 
steam in the cylinders is effected by slide valves, which are 
worked by separate eccentrics. The surface condenser is 
formed as part of the engine framing, and the air and circulat- 
ing pumps are worked from the piston rods by vibrating levers 
as in ordinary marine practice. The engine can be arranged as 
a triple expansion one if desired 

This type of engine has advantages where space is limited; as 
it occupies loss room than a horizontal engine of the same 
power. 
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PUMP1NU ENGINES FOK MINES. 

Tho great depth Lo which mines arc worked at Hie present tune 
involves-! arrangements for pumping water from thorn other than 
by Htoum power or by compressed air. Elootrical energy trans- 
mittod from tho surface to puiup in the mmo is one method, 
but thiH Hysiom is beyond tlio scope of this book to deal with. 
Hydraulic power is the remaining one which IB largely em- 
ployed, and a good illustration is afforded by referring to a 
rwout installation carried out by MessrH EaRton & Co., of 
Until, for tho Tasmania Gold Mining Company, who wished to 
ineroaHO tho depth oC their existing shaft from 718 feet to 918 
foot, which involved increased pumping power. Tho difficulty 
in fixing a new engine was that the shaft would not admit of 
another sot oE spear rods being installed. Furthermore, it was 
doHirod to make UHO of a spare sol of pumps which were at the 
mnio. Tho arrangement adopted wan us follows -A hydraulic 
motor wan fixed at the 718 feet level, working by meaiiR of 
npoar rotlB tho pumps at the low level, and drivon from a new 
<mgino at tho surface placed in an ongme-houso Home distance 
away from tho shaft, tho water being carried to tho hydraulic 
motor in tho whaft through solid drawn nteol piping, tho exhaust 
being returned to the Kiiution tank at tho engine IIOUHO. 

Tho engine (shown on Plato 46) is oi tho usual triple-oxpan- 
Bion, mvortod-cylinder typo, having cylinders 25 inches, 4.0 inches, 
and 69 inohoa diameter by "12 inches stroke, tho pumps being 
placed directly below tho croashoad, and in lino with tho piston 
rod, Tho orosshcadB are provided with two gudgeons, and are 
connector! to the crankshaft by double connecting rods oi roi't- 
angular section. The crankshaft is built up and made in two 
pieces boltod together by a coupling for facilitating transport. 
The cylinder*! at tho back are supported on massive cast-iron 
frames of box section, which also carry the pumps. Tho inter- 
mediate-pressure and low-pressure cylinders are acli supported 
on two sboel columns in front. The two middle columns are 
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connected by a cast-iron box girder, which carries the front 
side of the high-pressure cylinder, and the three cast-iron 
columns at the back are connected by distance pieces The 
cylinders aie entirely separate so as to allow of free expansion, 
and are jaeketted throughout. The high-pressure is fitted with 
a piston valve with mteinal expansion valve The intermodiate- 
prossuie IH fitted with a flat slide valve with an expansion 
valve on the back ; and the low-pressure cylinder is fitted with 
a double-ported slide valve. The intermediate-pressure and 
mam valve, and the low-pressure valve, aie supported by balance 
cylinders on the top, so as to reduce the stress on the eccentric 
rods The pumps and valve boxes are of cast steel, with 
phosphor bronze rams and valves and seats The bedplate is 
cast m halves, bolted together, and is of box section As the 
thrust on the guides came rather high up on the back columns, 
the latter arc supported by diagonal tie rods from the front of 
the bedplate The front columns are also braced diagonally to 
prevent vibration. The engine is provided with a large flywheel 
on each side. The starting gear and all cocks are arranged to 
be worked from the lower platform, but may also be worked 
from the second platform. 

A complete sysfem of lubrication is arranged for continuous 
working The engine is fitted with a throttle valve, which is 
shut by a knock-out governor when the speed exceeds the fixed 
maximum It is also shut when the accumulator on the mam 
reaches its top position. In case the main should burst, the 
valve is also shut by a weight which is normally held up by a 
small plunger connected to the delivery pipe. It will be seen 
that the tlneo platforms fixed round the engine give easy access 
to all the parts. Steam at 170 Ibs pressure .is supplied from 
four Cornish multitubular boilers, 6 feet 3 inches diameter and 
20 feet long. A surface condenser with air and circulating 
pumps, driven by a small horizontal engine, is to bo fixed 
behind the engine. Provision is also made for exhausting into 
the atmosphere if necessary. The water is delivered from the 
pumps at a pressure of 2100 Ibs. per square inch. 
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THE WOBTHINGTON PUMPING ENGINE. 

Where pumping engines are of Ui crank and ily-wheel 
type, the pump-pistons move at a variable speed according to 
the angularity of the connecting-rod, and tho quantity of water 
that is delivered varies at each instant, from zero at the ends of 
the stroke, to a maximum about half stroke, when the pistons 
are moving with tho same velocity as the crank-pin This 
variable delivery produces a change of velocity in the rising 
main, and where the engine is pumping 1 through a long main, 
or one which contains a large body of water, very sevp.ro 
pressures are caused in the pump by the changes of velocity 
and tho inertia of tho water. Thia variation of pressure is 
compensated for by air-vossols, otherwise tho pressures set up 
in the pump arc suiliciently groat to fracture tho rising mam or 
pump-work. In cases where (through tho heavy pleasures in 
the air-vessels) diflioulty exists in returning the air, advantage 
is oxporionood in adopting a pump in which tho delivery of 
water is constant, and IB not controlled by a crank and ily- 
wliool. Tho " Wortbington " form o[ pump fulfils tho con- 
ditions referred to, tho delivery being uniform at all parts of 
tho stroke. There are, two pumps, oaeh double acting, tho How 
from ono dovetailing into tho ilow from the other. Tho steam 
cylinders arc directly in line with tho pumps, and thoro uro no 
cranks or flywheels, This system lias boon adopted in pump- 
ing oil in America, whom, owing to tho great length of tho 
mains and their smalhiQSfl, tho head on tho pumps is all ilno to 
Motion, Whon oil was forced with pumps whoso motions wort* 
controlled with cranks, mush OXCUWHWO prossuros woro set up, 
owing to tho change of velocity in the mains, and consequent 
increase ot friotioual head, that tho pipes wore continually 
bursting. 

Tho Worthinglon Pump Company, limited, have recently 
Installed ono of the latest Wortlimgtqn high-duty engines for 
the East London Water Works, the engine being constructed 
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by Messrs James Simpson & Go of London, who have been 
long identified with Worthington engines The duplex pumping 
engine invented by the late Mr Heniy E Worthmgton 
(without the compensating system referred to hereafter) has 
been acknowledged to possess reliability and simplicity, but at 
the same time it admitted of improvement m the direction of 
economy m the consumption of steam, To accomplish this 
through the usual medium of a fly-wheel, or other device, 
wherein the momentum of a moving mass is utilised for the 
storing of energy, would be to have deprived the duplex engine 
of its characteristic advantages. 

The Worthing ton compensating system permits of the 
cutting off of the steam in the cylinders, and its subsequent 
expansion to any degree or extent, thus giving to the diiect- 
acting engine the advantages, as regards economy due to 
expansion, that are obtained by the ily-wheel engine, without in 
any way aCiectmg the duplex principle. 

This improvement marked an important advance in the 
direct-acting engine, as instead of being confined, as before, to 
the steam, expansion clue to the relative ratios of the cylinders, 
it can now be run at such ratios as are found to be most 
economical , in other words, any point of cut-off in the cylinder 
can be used. Plates 47, 48, and 49 show, in general and 
sectional elevation, the most recent type of engine with this 
compensating system. The attachment to accomplish this 
(marked A) consists generally of two oscillating cylinders 
supported from the main frames, and containing plungers which 
are attached to the piston rods between the steam and the 
water ends. These cylinders are connected by pipes, and are 
filled with water or other Iluid, to the surface of which air is 
admitted at a pressure suitable to the duty to be accomplished, 
for the purpose of maintaining a constant load at a practically 
coubtant pressure on their pistons through the medium of the 
interposed liquid, by means o! an interposed differential 
accumulator. These plungers act in such a way in respect to 
the main engine as to resist its advance at the commencement 
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of the stroke, and to assist it at the end, the air meanwhile 
exerting its unvarying influence at each end of the stroke. 
The two cylinders act in concert, and, being placed directly 
opposite each other, relieve the crosshead to which they are 
attached, and the engine, from any lateral strain. 

At the beginning of the stroke, when the compensating 
plungers form with the piston rod the smallest angle, their 
influence is greatest, gradually decreasing as the steam pistons 
advance until mid-stroke, when their influence is nil. Having 
passed the mid-stroke, the pressure within the compensators 
exerts itself to assist the motion of the engine, increasing at 
the same ratio as it decreased at the beginning of the stroke 
The successive positions of the compensating cylinders are 
shown by fig. 6, Plate 50 Pig 1, and the curve, iig. 5, shows 
the retarding influence in the first half of the stroke and the 
accelerating influence in the latter half of the stroke, and it will 
be noticed that this power increases almost in the exact ratio to 
the decrease of the power of the expanding steam. 

The diagrams from the three steam cylinders are shown 
by figs. 1, 2, and 3 on Plate 50, the water or resistance 
diagram taken from the engine being shown by fig 4, while 
figs. 7 and 8 show the combined diagram of the steam, the 
water, and the compensator loads, from which it will be seen 
that the propulsion, diagram shown by the line W W is almost 
uniform, and, taking into consideration also the effect of the 
momentum of the moving parts, the result is almost perfect. 

It will be seen from an examination of these cards that any 
number of expansions can be obtained, resulting in the highest 
economy. 

To return now to the compensating system. By thus 
alternately taking up and exerting power due to the different 
angle in which their force is applied to the line of motion of the 
plungers, these compensating cylinders in effect perform the 
function of a fly-wheel, but with the economical difference that 
they utilise a pressure of compressed air instead of the energy 
of momentum. Their action is readily controlled, and their 
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power may not only be proportioned to the work to be done, 
but is unaffected by the speed of the engine, and the same 
amount of expansion can be obtained by the engine whether 
running at a speed of 1 or 200 feet per minute, or whether 
running at 5 or 50 revolutions This latter feature affects 
favourably the economy of the engine when applied to any 
service where the demand is irregular or intermittent 

The force of the compensating cylinders can, at the will of 
the attendant, be thrown on or oil 1 the engine instantly, and 
without the cut-off mechanism becoming disarranged. In order 
to limit the size of the compensating cylinders, the pressure on 
the plungers within these cylinders is produced by connecting 
this cylinder through hollow trunnions with a differential 
accumulator, the upper part of which is in direct connection, 
through the air chamber, with the water pressure. By this 
means the water pressure within the compensating system is 
multiplied to such an extent as may bo found desirable The 
pressure m the force main results in a uniform piopulsiou of 
the water column, and an absolute control of tho speed of the 
engine, without recourse being had to any automatic governor 
or oilier devices. Should tho forco main or distributing pipes 
burst from any cause, no accident can occur to the engine 
itself, as the loss of pressure in tho main would result m a 
corresponding loss of power in the compensators, and, should 
the pressure be entirely withdrawn, the engine would be unable 
to complete its stroke and would come to a dead stop. 

These cylinders are arranged with the high-pressure steam 
cylinders bolted directly to tho cradle nearest the pump end, 
with the intermediate cylinders next, there being an intervening 
space between the high and the intermediate-pressure cylinders. 
The low-pressure cylinders are bolted directly to the inter- 
mediate cylinders, and are thus at the extreme end of 
the pump, 

In the arrangement of piston rods, it will be seen that the 
high-pressure piston rods are directly coupled to the pump rods. 
Between the high-pressure cylinders and the pump end there is 
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power may not only be proportioned to the work to be done, 
but is unaffected by the speed of the engine , and the same 
amount of expansion can be obtained by the engine whether 
running at a speed of 10 or 200 feet per minute, or whether 
running at 5 or 50 revolutions This latter feature affects 
favourably the economy of the engine when applied to any 
service where the demand is irregular or intermittent 

The force of the compensating cylinders can, at the will of 
the attendant, bo thrown on or off the engine instantly, and 
without the cut-off mechanism becoming disarranged In order 
to limit the size of the compensating cylinders, the pressure on 
the plungers within these cylinders is produced by connecting 
this cylinder through hollow trunnions with a differential 
accumulator, the upper part of which is in direct connection, 
through the air chamber, with the water pressure By this 
means the water pressure within the compensating system is 
multiplied to such an extent as may be found desirable The 
pressure in the force mam results m a uniform propulsion of 
tho water column, and an absolute control of the speed of the 
ongnio, without recourse being had to any automatic governor 
or other devices. Should the force main or distributing pipes 
burst from any cause, no accident can occur to the engine 
itself, as the loss of pressure m the main would result in a 
corresponding loss of power in tho compensators, and, should 
tho pressure be entirely withdrawn, the engine would be unable 
to complete its stroke and would come to a dead stop 

ThoBO cylinders are arranged with the high-pressure steam 
cylinders bolted directly to the cradle nearest the pump end, 
with the intermediate cylinders next, there being an intervening 
space between the high and the intermediate-pressure cylinders 
The low-pressure cylinders are bolted directly to the inter- 
mediate cylinders, and are thus at the extreme end of 

tho pump. 

In the arrangement of piston rods, it will be seen that the 
high-pressure piston rods are directly coupled to the pump rods. 
Between the high-pressure cylinders and the pump end there is 
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a crosshead, to which are attached two side rods connecting to 
the low-pressure pistons, The piston rods between the 
intermediate and low-pressure cylinders work through long 
metallic sleeves, made an exact fit to the rod, thus doing away 
with two stuffing boxes and the friction attendant upon thorn 
These sleeves, after many years' experience, have boon found 
most satisfactory. This arrangement of the piston rods permits 
of the examination and withdrawal ol any of the steam pistons 
without in any way dismantling the engine itself 

The steam, in passing from one cylinder to the next, goes 
through re-heateis (marked B) situated below the high and 
intermediate cylinders, where it is ro-hoatcd by live steam at 
full boiler pressure These re-heators are fitted with brass 
tubes, the heating steam passing through them being in connec- 
tion with the steam jacket system, and passes in succession 
through the steam cylinder jackets and re-heators. 

The steam valves of these engines, instead of working upon 
the usual seat, forming part of the cylinder casting, work upon 
separate cast-iron linings carefully turned out and forced into 
the mam cylinder casting. Tins system enables their with- 
drawal and repair in the event of the lining becoming out. 
The steam passages in these liners are carefully eut out on a 
milling machine to standard gauges and templates, as are also 
the edges of the valves themselves, thus ennui-ing an absolute 
uniformity and mterchangoability of all the valves in the 
engine, which would otherwise be impossible, owing to the 
liability of the ports to shift their position in casting. 

The steam pistons are fitted with adjtiatable packing rings 
made in segments, and expanded by means of an undulating 
fiat spring placed between the ring and the body of tho piston, 
The rings are carefully scraped into position, and are made as 
light as is consistent with proper strength and ample bearing 
surface, so as to reduce the friction and wear to a minimum, 

The valve motion of these engines is a modification of the 
Corliss type, made specially applicable to direct-acting pumping 
engines, and with certain improvements which are only pos- 
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sible with this type of machine. The cylinders are arranged 
with two admission valves on top, one at each corner, which 
also serve as cut-off valves, and two exhaust valves at the 
bottom, placed at either end of the cylinder. The four valves 
are operated rom a central wrist plate, supported from a 
bracket; boiled to the steam cylinder The wrist plate is 
moved through the medium of links and rockshaft from the 
crosshead to the opposite side, in the ordinary manner of the 
duplex valve gear. The exhaust valves are opened and closed 
by links connecting the cranks on the valve spindles directly 
with the wrist plate 

The steam admission and cut-off valves, on the other hand, 
are connected by links from their cranks to a secondary four- 
arm crank, which is fulcrumed on the wrist plate, but which 
receives its motion from its own side of the engine This gives 
the effect of u broken-link or knuckle-joint connection between 
the admission valve and the wrist plate, which results in the 
valves being opened by the motion of the wrist plate proper as 
derived from the opposite side of the engine, and closed by the 
secondary motion carried through the fore-arm crank, and 
derived from their own side of the engine. 

By this arrangement the cut-off is as rapid as can be desired, 
and being without trip motion, releasing, or other devices, the 
valve goat- is exceedingly simple, and capable of very wide 
adjuBtmont, The point of cut-off may be varied at will, and 
each valve cau be altered separately while the engine is in 
operation, by the simple turning of a screw 

The, operation of the valve motion is very easy and noiseless, 
while being accessible at every point, as it is all placed on the 
autside ol the engine, having none of the parts between the 
steam cylinders. 

COMPENSATING- CYLINDERS. 

These consist of four cast-iron or steel cylinders, which are 
provided with large trunnions carried in bearings on the main 



46 HYDRAULIC POWER AND HYDRAULIC MACHINERY. 

mgine frames. The compensating cylindors contain single- 
acting cast-iron, plungers winch have chilled and ground 
iurfaces. These plungers are screwed into T heads or thrust 
jins which work in bearings carried on the cross-head attached 
/o the mam piston rod. Thus, with the motion of the piston 
od, the compensating cylinders are oscillated back and forth 
>y means of their plungers, which run in and out of the 
stuffing "boxes 

The compensating cylinders are always under constant 
pressure, hence there is an equal load on the compensating 
[>lungers at all points of the stroke, and the actual effect of this 
force on the piston rod of the engine is determined by the 
various positions of the compensating cylinders during the 
stroke. The closed ends of the compensating cylindors are 
connected by ports which pass through the trunnions to a 
central distributing pipe which is in connection with the 
differential accumulator. 

The stuffing boxes of the compensating cylinders through 
which the compensating plungers work, are packed with 
metallic packing, which may bo considered as practically 
permanent. 

The proportioning of the compensating cylinders to the 
horse-power of the engine IB such that in all Worthington 
engines practically the same pressure IB carried in the high- 
duty attachment ; hence all those parts are reduced to a 
standard form of construction, the only difference being m the 
diameters necessary for different horse-poweiu 

Professor John Goodman has given considerable attention to 
the conditions which obtain in the working of a plunger pump, 
and he conducted a series of experiments at the Yorkshire 
College, Leeds, with an ordinary plunger donkey pump, suoli as 
is in common use for feeding boilers. The results were brought 
before the Institutioii of Mechanical Engineers in February 
1903. He referred to difficulties that used to bo experienced in 
the early days of the petroleum industry in America, in pump- 
ing the oil through long pipe linos, and that the problem was 
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solved by the introduction of the Worthmgton engine, which 
minimises the fluid shock in the pipes by means of the direct- 
acting or free-piston pump, in which the pump plungers 
gradually come to rest and to pause at each end of the stroke, 
thus preventing any sudden change in the velocity of the fluid 
When " shock " pressures, however, are sot up, even with short 
lengths of pipes, many problems arise which are much greater 
than can be accounted for by ordinary theories When a pump 
is fitted with an air or vacuum vessel on the suction pipe, 
many of the phenomena dealt with in this paper disappear, but 
the object of the investigations was to study the effects of 
"water ram" m pipes, and also how the "slip" or the "dis- 
charge coefficient " of a pump not fitted with a vacuum vessel 
was affected under changes of outlet, speed, and length of 
suction By the "slip" is meant the difference between the 
volume of water actually pumped, and the volume displaced by 
the pump plunger, a common assumption being that " slip " 
causes a small loss attributable to leakage, or to air entrapped 
in the water In the experiments recorded in this paper there 
were circumstances under which the pump actually delivered 
more than 50 per cent more water than that calculated by 
the displacement of tho plunger, although, of course, the useful 
work done cannot be greater than that indicated in the pump 
ban el, leas friction, 

In the CEBO of a pump having a suction pipe of the same 
dmmotor as the plunger, tho water will, under normal con- 
ditions, move with tho aamo wpood as tho plunger, and will bo 
accelerated and retarded h) tho same manner, llenco the mass 
of the water in tho suction pipe may be regarded as a part of 
tho mass of tho reciprocating parts, and therefore tho suction 
or negative pressure- required at tho beginning of tho stroke to 
accelerate tho water, and the positive pressure set up at the 
end of tho stroke when the water is retarded, can be readily 
calculated. If the area of the auction pipe be less than that of 
the plunger, tho water in the pipe will move with a corre- 
spondingly higher speed, and tho above-mentioned pressure (per 
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unit area) will be increased m the dnect proportion of the area 
of the plunger to the area of the pipe Although many of the 
data recorded in this paper may apply only to a small pump 
like the one experimented with, they deserve to be studied. 



DAVY'S PUMPING- ENGINES 

Fig, 56 shows pumping engines made by Messrs Davy 
Brothers of Sheffield. Those engines are of an improved throe- 




56 



cylinder type, which the makers consider offer many advantages 
over the flywheel type. The steam cylinders are three in 
number, coupled up by connecting rods to a three-throw crank- 
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shaft, tho tail rods of the cylinders being coupled direct to the 
three pump plungers The throo cylmdors enable the engine 
to have a very equal turning moment, and, at the sarno time, 
the valves can bo set with an early cut-off. Tho throttle valve 
is connected to a handing lever in front of tho press attendant, 
who can not only instantly stop and start, tho pumps, but can 
regulate the speed to exactly suit tho requirements of tho work 
under the press, whereas with tho ordinary lly-whoel pumps tho 
engine must be started some time before forging actually begins, 
and must be kept running until tho end of forging operations 
With tho three-cylinder arrangement tho pumps will bo stand- 
ing probably quite one-hall' of this time, this alone resulting in 
a considerable saving of steam 

In tho most recent typo of this press tho pumps are only one- 
half to one-quarter tho capacity required by presses fitted with 
ordinary valves find working at tho same speed, as by an 
improved form of valve the pro&B-hoad can be lifted about 1 2 
inches for every revolution of the pumps, and can be lowered at 
the same speed on to tho work, where it can real with its own 
weight, or can be made to continue its stroke under pressure 
from the pumps without pause. The whole of these operations 
are controlled by one single lover and two mitre-seated valves, 
the whole arrangement being of the simplest form possible. 

The Hiipply water to the pump suction is connected to an air 
vessel under a pressure of about GO Ibs, per square inch This 
low-prosmiro water in alno connected to tbo main proas cylinders 
when the press is being raised or lowered, This arrangement 
of supplying pressure water to tho pump suction enables very 
much smaller pumps to be used, m it enables them to rim at a 
very groat speed without shock, It has, moreover, a further 
advantage, which is that the whole of tho water used is sealed 
and never comes in contact with the atmosphere, It remains, 
therefore, perfectly free from clirt or grit, a matter of no small 
importance in places where forging presses have to work, in 
maintaining the valve faces free from wear, and in prolonging 
very materially the life of the packing leathers, 
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THE GEEATHEAD SHIELD. 

lie construction of tunnels through water-bearing forma- 

t&i 

is has been greatly facilitated by the adoption of a lining of 
j-iron or steel segments, which, when completed, form a 
tmuouB cylinder, in the execution of which woik hydraulic 
/er plays an important part The late Mr G-reathead's 
ae will always he associated with the introduction of the 
aid (as it has been termed), the first use of which was in the 
struction in 1809 of the small tunnel at the Tower, 
igned by the late Mr Peter Barlow Following this, a 

*" 

rt length of tunnel, 8 feet m diameter, was constructed in 
'0 for the Broadway Pneumatic Eailway in New York, 
another was afterwards made in Cincinnati Those, 
lough not subaqueous, were carried out by means of shields 
boiler plate), similar to the Tower Subway, and propelled by 
ill hydraulic presses. Cast segments are employed in recent 
lies. In a paper that was read at the Institution of Civil 
Ameers in 1895, by Mr Greathead, an interesting historical 
ount is given of the system, and a description of the work in 
inaction with the construction of the City and South London 
dway, which was at first proposed to be made from King 
lliam Street m the City on the north, to the " Elephant and 
3tle" at Newmgton on the south. Subsequently, patiia- 
ntary powers were obtained to extend the line to Islington 
the north, and to %tockwell and Clapham Common on the 
ith Eeforence can only be made here to the work relating 
jcially to the construction -of the tunnel by the shield, in 
dch hydraulic power was so advantageously employed for 
'cmg the shield forward, whilst compressed air prevented 
,ter entering the tunnel. 

The first shield of the eighteen used on the City and South 
adon Eailway was almost identical in its design and con- 
uction with that shown m figs. 57-59, which represent a 
teld for the 10-foot 6-mch tunnels constructed between the 
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"Elephant and Castle " and Stockwell. It consists of a cylinder 
5 feet 11 inches long, of steel plates in two thicknesses of | inch 5 
each nvetted together to break joint with rivets countersunk on 
both sides. This cylinder was bolted to a strong ring of cast 
iron at the front end, and to this ring were bolted the plates 
and channel-bars forming the face, and the adjustable steel 
cutters The latter were so attached that they could be 
adjusted to cut out the excavation to the same diameter as 




BACK ELEVATION OF SHIELD. 

Fig 57. 

ot wider than, the stool cylinder followjjpg them ; the latter 
provinion being necessary for passing round curves in any 
direction oither horizontal or vortical In the face was provided 
a rectangular opening with iron doors upon rollers for sudden 
closing It was, however, found in practice almost impossible 
to maintain those doors in working order, so they were 
subsequently removed and reliance was placed on timbers cut 
and kept ready for dropping into the channels placed for the 
purpose at the sides of the doorway. These were always used 
when work was suspended at a face, or when wet material was 
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ELEVATION SHEWING CUTTER. 

Pig. 58. 
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SECTION OF SHIELD. 

Fig. 59. 
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encountered ponding the provision of appliances for dealing 
with such material. The inside of the cylinder m rear of the 
face was lined with massive cast-iron segments , and to these 
were bolted, as shown in fig 57, six hydraulic presses of 
G] inches diameter The presses were connected with two 
hand-pumps, for forcing the shield forward The same pumps 
served also to run the rams back into the presses. To the 
projecting ends of the rams were attached long shoes for 
carrying the pressure on to tho solid part of the cast-iron 
tunnel-lining without bunging any bending strains upon the 
rams, or undue pressure on the tunnel-ilangos. The rear end of 
the shield, for a length of 2 feet 8 inches, consisted only of the 
steel cylinder , and within this the cast-iron segments forming 
the tunnol-lining were put together. 



HYDRAULIC L'UKSSES IN THE SHIELD 

The hydraulic presHCH m the shields used in tho City and 
South London Hallway wore supplied with water from two 
cisterns placed niBido tho shield by hand-pumps, one on each 
side of tho platform in the shield, iig. 57. These hand-pumps 
generally forced tho shield forward in about ten minutes, 
overcoming tho skin friction and tho resistance due to wedging 
and cutting the clay in the face Tho pressure varied between 
500 Ibn. and 1800 Iks. per square inch, depending upon the 
number of probBes in uso, tho projection of the cutters, and 
whether the tunnel was being driven in a straight line or on a 
curve. A revolting valve enabled tho rams to bo driven back 
by the same pumps either singly, in groups, or all together. 

The oxeavation in oifocted by forcing forward the shield by 
tho hydraulic rams until a space equal to its own diameter is 
formed, and at each advance a length is completed equal to one 
of tho rings of tho lining of the tunnel. Several descriptions 
of tunnels which have been constructed by means of the 
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Greathead shield are recorded, but reference will be confined to 
the most recent one, which is the Baker Street and Waterloo 
Railway, particulars of which were given to the Institution ol 
Civil Engineers in 1902, by Mr W. 0. Copperthwaite and 
Mr A II Haigh, and in a paper by Mr Hardington A Jlartlett 
m 1903. 

The following is a description of the shield that was used 
for constructing the tunnel under the Thames through very 
open ballast charged with water. Its outer casing consists of 
a steel cylinder 13 feet in external diameter, having the lower 
part in front cut away, in curved form, from a maximum height 
at the cutting edge of 3 feet, leaving a hood or cover above an 
open invert. The middle portion covers the rams, and the 
back part forms the tail or erecting-space for the iron tunnel- 
rings. The edges, at the front of the hood, are bevelled at an 
angle of 45 to form a cutting edge. A circular box-girder, 
10 feet 1 inch in internal diameter, together with a middle 
vertical girder within it, form the main frame or rib of the 
shield. The several thicknesses of steel skin at the hood are 
connected by nine circular rows of .rivets 1 inch in diameter 
and of 6-inch pitch, with their outside heads countersunk, and 
one row of 3-inch pitch close to the bevel of the cutting edge. 
The six longitudinal joints of one layer of the skm break with 
those of the adjacent layers Cover-strips run the whole length 
of the shield over the outermost six longitudinal joints. Nine 
gussets connect the side plate of the box with the skin of the 
shield The whole length of the shield is 9 feet 8| inches; 
which may be divided into- mam body 5 feet, tail 2 foot 
6 inches, hood 2 feet 2% inches. Within the mam body, behind 
the circular girder, is the cast-steel ring bearing the fourteen 
hydraulic rams, each 6 inches in diameter, clustered at the 
lower parts and set in pairs laterally (figs. 4 and 5, Plate 61). 
Ordinarily the lowest four were not brought into use, six or 
more of the remaining ten being suitable and sufficient for 
diiving the machine Each ram was capable of being actuated 
independently. The ram-cylinders, of cast steel, are If inch 
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k, and have a stroke of 20 inches. All the cylinders, pipes, 
^os, and connections were adapted to stand a hydraulic 
5su.ro of 2400 Ibs., and were tested to 3500 Ibs , per square 
i Working-pressure was supplied to the rams by an 
nsifier, having a cylinder 7 inches in diameter, fed by the 
don Hydraulic Power Company's water from thoir mams 
/he Embankment, at about 800 Ibs. per square inch; and 
pressure on the piston was transmitted by two plungers 
ches in diameter to the water m communication with the 
s The calculated multiplication IB 4$, and an effective 
It of 3 is allowed. The usual average pressure in the rams 
11 driving was about 1300 Ibs. per square inch Mr 
llott describes the method of constructing the tunnel of the 
o railway m London clay as follows : 
lie Greathead shield consists of three mam parts- The 
ing edge ; the skin, the cylindrical jack casting, 
he cutting edge is of cast stool made in three sections bolted 
ther, and is of slightly larger diameter than the skin of the 
Id m order to facilitate the progress of the shield through 
slay. 

lie Rkm is composed of a half-inch cylindrical stool plate, 
et long, made m three sections with butt-joints, and half- 
cover platoH, extending from the cutting edge, to which it 
istened with coimtoraunk not screws, to about 2 feet 9 
es behind the back of 11 10 jack castings, forming what is 
MI as tho " tail " of the shield. The object of the tail is 
ipport tho ground and protect tho miners whilst Greeting 
ron. 

10 ring of jack castings is mado in six sections bolted to 
other and to the skin and cutting edge, hard wood pack- 
being used in the horizontal joints, 
jsides affording a firm foundation for the jacks, those castings 
tly strengthen the shield, and, indeed, are its chief support, 
atween tho jack castings and the cutting edge is a steel 
hragm, consisting of two 1-inch plates, tho duty of which 
give stiffness to tho shield and maintain it in shape, 
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The shield is driven forward by hydraulic rams or jacks, 
eight in number, each 7 inches in diameter ; the requisite 
pressure being obtained by means of an air-engme or m- 
tensifier, fixed to the shield, which is supplied with air at a 
pressure of 60 Ibs per square inch, and which intensifies the 
pressure, forcing water into the ranis at a ton (2240 Ihs ) 
per square inch 

A flexible pipe connects the compressed-air main in the 
tunnel with the shield, and the mtensifior draws I!H water from 
two tanks Jixed on the shield, one on either side. 

The shield is fitted with an oak grouting rib made in .sections, 
having strips of leather nailed to it at the outside edge, and 
projecting about \ inch beyond the oak all round. This ring is 
held in position by the rams, and seivcs two purposes : firstly 
(as its name implies), to keep the grout m whilst grouting up , 
and secondly, to distribute the pressure of the rams evenly 
over the segments of the tunnel lining 

As the shield advances it clears out a circular space somewhat 
larger than the outside diameter of the steol lining of the 
tunnel, thus leaving an annular space which is filled with a 
grouting mixture consisting of three of blue lias lime to one of 
clean sharp sand. The grouting machine is shown in figs (10 
and 61. 

The grout is mixed to a proper consistency in the cylinder, 
the lid of which is then closed and made air-tight. Compressed 
air is brought from a compressor by a small pipo into the 
machine, and the grout is forced out and discharged through a 
flexible hose into the annular space to bo filled. By moans of 
paddles worked by a handle the mixture is kept stirred, and is 
prevented from setting. 

In Mr Bartlett's paper a useful Table (p. 158) is given, 
showing the force required to drive a shield. 

The G-lasgow Harbour Tunnel, which was completed in 1895, 
affords a good example of the employment of tho shield. There 
were three tunnels connected to shafts on the north and 
south sides of the river. These shafts were, for the most part, 
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10 feet in internal diameter. The two outer ones are used for 
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vehicular traffic, and are level from shaft to shaft, with elevators 
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(described elsewhere) to raise the vehicles to the surface on 
either side The centre tunnel, for foot passengers, is con- 
structed with a gradient of 1 m 3 from the shafts, and with 
stairs in them, which obviates the necessity for elevators 

The tunnels were constructed in boulder clay from the south 
shaft about a third of the distance across the river. An 
interesting description of the vanous operations in connection 
with these works was published in JSngi'iieonng on the com- 
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pletion of the tunnels, and the following information is derived 
from that source, 

The shield which was adopted for the construction of the 
tunnels is a modification of the one first used, being some- 
what strengthened, although there were no in dica Lions during 
the carrying out of the works that this was other than 
precautionary. 

The outer shell was 17 feet 3 inches and measured 8 feet 
6 inches from cutting edge to back. The cutting edge had a 
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stiffening ring on tho diaphragm There were two sliding doors 
6 feet by 4 feet 2 inches, but it was at no time found necessary 
to close the doors. Inside the diaphragm there was at the top 
and bottom a girder for stiffening the shield. On the platform 
there were two hand pumps for woikmg a series of thirteen 
small hydiauhe rams, 7 mchos m diameter with a stroke of 
2 feet. Immediately behind the diaphragm was a series of 
cast-iron segments abutting against each other and forming a 
complete circle. The hydraulic cylinders were bolted to these 
and through the skin plating of the shield For grouting 
behind the tunnel plates there was a grouting pan about 
2 feet 6 inches by 18 inches From this pan there was a 
hose-pipe with an iron end-piece and nozzle The grouting was 
done under a pressure of 50 Ibs. to the square inch Both 
shields were made by Messrs Markham & Go , Chesterfield 



HYJ3KAULIC BRAKE. 

A brake or buffer can be made by enclosing a volume of 
water in a cylinder that is provided either with a perforated 
piston or with a small pipe connecting each end of the cylinder, 
which admits the passage of water slowly from one end to 
the other. Such an appliance admits of wide application in 
arrangements of machinery where the absorption of suddenly 
arrested energy is required In working the starting and 
reversing gear of marine-engines, the piston-rod of the steam 
cylinder is continued and forms tho piston-rod of a hydraulic 
brake cylinder, the ends of which are connected by a small 
pipe through which the iluid is pressed backwards and 
forwards. When the piston begins to move, the resistance 
of the brake is at a minimum, increasing with the motion of 
the piston (as tho square of the, speed) till a maximum is 
reached, which is adjusted by means of a cock. 

Mr Alfred A. Langley devised a "hydraulic buffer stop" 
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for the purpose of preventing accidents duo to tiamw over- 
running terminal stations, or dead ends, on railways, and 
arising either fiom the failure of the brakes, defects in the 
machinery, or carelessness in not leducmg speed. A descrip- 
tion of tins was given to the Institution of Mechanical 
Engineers in 1886 

The principle on which it is based is the application of 
hydraulic resistance by the use of a piston working m a hori- 
zontal cylinder filled with water, and fixed in lino with the 
buffers of the rolling stock. Plate 52 illustrates this appliance. 
Fio-s. 1 and 2 show a sectional elevation and plan of the 

o * 

general working arrangements The piston-rod A working 
in the cylinder B is of solid steel, 3| inches in diameter, and 
13 feet 1 inch long over all Upon its extremity is fixed 
a buffer head, similar to those of the rolling stock. In its 
normal position (ready to receive a train) it projects foot 
from the face of the cylinder, allowing 2 feet for the con- 
struction of a fixed stop, as shown at L. This consists of 
four permanent-way rails placed transversely across the front 
end of the cylmderb, two over and two under the piaton-rocl, 
and connected together by a loose girder through which the 
rod passes. The cylinder B is shown in sectional plan by 
fig. 5. It is 4 feet 7| inches long, cast with a flange cm each 
end, and bored out to 12 inches diameter, with 2| inches 
thickness of metal Covers are bolted to both llangos, and 
are fitted with hydraulic glands, with cup leather packing, 
for the piston-rod, which passes through both ends of the 
cylinder. An india-rubber ring 1 inch thick is fixed round 
the rod on each side of the piston, to form a cushion between 
the piston and the cylinder ends, the piston being turned to 
an easy fit The constant (circumferential clearance between 
the cylinder and the piston is 0'38 of a square inch. In 
addition to this constant space, a gradually diminishing area 
of passage has been contrived, whereby a uniform resistance 
is maintained throughout the stroke. This is accomplished 
hy a wrought-iron strip C, 3 inches wide, fastened by stud- 
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screws along each inner side of the cylinder They project 
$. of an inch into the cylinder at the commencement of the 
stroke, and taper up to Ij-^ inch at the rear end. This 
wrought-iron strip fits into a corresponding slot !} inch deep, 
which is cut out in each side of the piston 

When an impact takes place, the piston is forced backwards. 
The clear space between the tapering strips and the slots in 
the piston becomes less and less, as shown by the diminishing 
areas of the waterway (the thin rectangular strip with the 
hatching) in sections GFE and D, so that, notwithstanding 
the diminishing speed, an equal amount of resistance is main- 
tained until the tram is at rest. The waterway of G- is 4 96 
square inches, of F is 3 '18 square inches, of E is 1*40 square 
inch, and of D is 08 of a square inch. By means of adjust- 
ing screws, applied to gauge plates, the proper sizes of the 
openings through the pistons were determined by experiment 
The cylinder is kept constantly filled with water by a supply 
pipe H fixed to the fiont of it When released, the piston is 
drawn forward again into its original position by the action 
of a counterweight I, suspended in a pit under the forepart of 
the buffer by a f-inch chain, which passes over a fixed pulley 
J under the cylinder, and is attached to a crosshcad K upon 
the back end of the piston-rod. This orosshoad has a wheel 
on each side (as shown in detail in fig 4) running along a 
guido path. The counterweight is composed of cast-iron discs, 
with a packing of felt between each, and a packing of india- 
rubber between the bottom weight and the holding bolt, to 
take the first strain upon the chain, when the buffer is struck. 
Each buffer is designed to work separately, m order to avoid 
the unequal compression which might occur if two were con- 
nected by a cross-head, 

It has been found by experiment that a train having a speed 
of at least eight miles an hour is brought to a stand with less 
than a 4-feet stroke, The theory of the action of the stop is 
considered to be, that its resistance varies as the square of the 

velocity of the train, while the momentum of the train also 

ii 
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vanes as the square of its velocity, so that the piston-rods 
will be forced back, on impact taking place, through the same 
actual stroke (approximately), whatever be the velocity. 



HYDRAULIC POWER APPLIED TO GUNNERY. 

The revolution which was brought about in the construction 
and working of guns when breech-loading was adopted lor 
muzzle-loading, and when cordite was substituted for gun- 
powder, has been recorded in the papers of Lord Armstrong 
and Mr Vavasseur at the Institution of Naval Architects in 
1887, and by Sir Andrew Noble at the same institution in 
1899, Messrs E. W. Lloyd and A G Handcock (formerly 
in the Eoyal Navy and in the Royal Artillery respectively, 
and now connected with Els wick) published in 1893 an in- 
structive and interesting book on 6funnori/. From the fore- 
going sources much of the following information is obtained. 
In referring to this subject the name of Mr G. W. Rondel will 
-always be identified. 

The greater weight of the guns, and the increased rapidity 
with which they could be fired, called for the introduction of 
appliances capable of utilising these advantages which hand 
power could not possibly accomplish Sir W. G. Armstrong, 
Whitworth & Company (as the Els wick firm is now called) 
have brought to a high state of perfection, both in regard to 
design and manufacture, the hydraulic apparatus which is now 
indispensable for workmg guns, either afloat or ashore. It will 
be only possible to refer to this matter briefly, although the 
subject is one of great importance and interest 

There is now no navy of importance in which the large guns 
are not worked by hydraulic power. The advantages of the 
system may be summarised as follows- 

(1) Hydraulic pipes can be " led " all over a ship without 
causing heat. 
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(2) If a pipe is damaged, no explosion can take place, and it 
is easy to discover where the damage exists. 

(3) Hydraulic machines can be applied directly, as elevating 
presses, lifts, etc., without the interposition of gearing, and they 
work in perfect silence 

(4) The non-elasticity of water is of particular convenience 
iu the application of hydraulic machinery to gun-mountings 

(5) The hydraulic system lends itself, in a way impossible 
with steam, air, or electricity, to arrangements for combining 
recoil presses with means for running the guns in and out. 



DISAPPEARING- GUNS. 

In 1864 Colonel Monorieff utilised the energy of recoil to 
bring the gun down into a protected position behind an 
earthwork, at the same time storing up energy to raise it again 
into the firing position by a "hydro-pneumatic" disappearing 
mounting, the principle of which is as follows When the 
gun is in the firing position, it is kept up by the liquid being 
at sufficient pressure to force out the ram of the recoil press. 
This pressure is obtained by compressed air, contained in a 
separate compartment, but acting directly on the liquid 
When the gun IB fired, the liquid is forced through recoil 
valves; then, instead of passing into an exhaust chamber, as is 
usually the case, it passes into the compressed air chamber and 
further compresses the air This latter action only helps to 
absorb the recoil to a slight degree, the principal recoil- 
absorbing action being the usual one of forcing liquid through 
the small apertures provided by the valves. A mixture of 
glycerine and water has been found to be the best liquid for 
hydro-pneumatic mountings, as compared with water or oil 
If water is used the interior of the press and air chamber 
would rust, 

When the energy of recoil is absorbed, the gun ought to have 
descended into the loading position, The air will be highly 
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compressed, but it cannot force the liquid back into the recoil 
press, because the recoil valves are " non-return." A pump is 
always provided by which the liquid can be pumped from the 
recoil press into the air compartment, and the gun can thus bo 
brought down without firing , or, if the recoil fails to bring it 
clown sufficiently, it is only necessary to give a few strokes to 
the pump The gun is loaded m the down position, and then 
'* laid " for tho object, sights being used for training, and means 
being provided by which the elevating gear can be set so as to 
give any desired elevation to the gun when it is up in tho firing 
position. When all is in readiness a valve is opened and the 
liquid is allowed to pass from the air compartment to the recoil 
cylinder, the rani is therefore forced out and the gun rises. 
As it approaches the firing position, the gun automatically 
closes the inlet valve, and conies to rest gently. The gun 
having been previously laid, it can be fired directly it is up, so 
that it should only be above the pit lor a few seconds. 

After many systems had been experimented with, tho hydraulic 
recoil press on Mr Vavasseur's plan was adopted for the English 
services, and nearly all over the world. Oil is used in the 
presses , that which comes from Kangoon best fulfils the required 
conditions, Fig. 62 represents the Vavasseur recoil buffers as 
originally fitted to 6-inch gun mountings F F 1 are the pistons ; 
G G 1 the piston-rods, of which one, G 1 , is fixed to the rear, and 
the other, G, to the front of the lower carriage H H are the 
rifled grooves into which fit the studs JJ on the rotatory 
valves KK The figure shows the arrangement in the firing 
position When the gun recoils, the oil in both cylinders has 
to pass from one side to the other of the pistons ; but as the 
piston-rod G 1 enters its cylinder, and the piston-rod G leaves it, 
some of the oil in the left-hand cylinder L 1 must pass over to 
the right-hand cylinder L, so that both cylinders may continue 
to be entirely filled with piston-rod and oil. The passage of 
the oil takes place through the connecting-pipe M; past the 1 
non-return valve, which it forces open against the spring, 
through the passage ; and into the cylinder L. 
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If tho by-pass valve P (fig G3) is open, in order that the 
gun may run out again after recoil, a certain amount of the 
liquid will pass through it when going from one cylinder to the 
other. During recoil, the valve K gradually closes the orifices 
Q Q through which the oil has to pass, the shape of the valve 
being calculated with a view to obtaining a uniform velocity of 
liquid. When tho gun is m, it will run out again automatically, 
if the by-pass valve P is opened, for there would then be a 
passage for the liquid through the hole E But if the by-pass 
is closed, the liquid is locked up in the cylinder L, for it cannot 
re-pass the large valve M, the piston-rod G- cannot therefore 




Fig. 02. 

enter its cylinder. Again, if the gun is running out, it can at 
any moment be chocked by shutting, or controlled more or less 
by opening, the by-pass valve. 

In connecting the piston-rods to the slide brackets, tho nut 
y should not bo screwed tight up, but should be left slightly 
Blacked back, This allows a little play, and relieves the piston 
rods from strains 

Kg, C4 represents the recoil press of a quick-firing gun, fitted 
with valve key and controlling ram. It is on the tension 
principle, T being the piston, and TJ the valve key. The piston 
rod is attached to the horn on the gun, and the same rule as 
given above in connection with the piston-rod nuts of Vavasseur 
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carnages applies here. The recoil cylinder X is generally made 
of forged steel, and, to save space, is screwed into a bracket Y r 
forming part of the cradle. V is the controlling ram, Z the 
small radial hole to admit the liquid into the cavity in the piston 
rod during recoil, W is the plug for adjusting the action of the 
controlling ram, and /3 is the bronze ring dovetailed into the 
steel piston, to prevent, or rather to avoid, seizing between 
the piston and cylinder 

The cleaning and loading of guns are also performed by 
hydraulic power, several systems having been devised for that 
purpose, particulars of which are given in detail in the book 
on 6funnery by Lloyd and Handcock. 

The hydraulic engine, which is the source of pressure, always 





Ihg. 63. Fig 64. 

consists of a pair of engines, generally compound, arranged in 
tandem. An illustration and description are given on pago 136, 

For land defences, hydraulic and hydro-pneumatic gun 
carnages have been constructed for raising and lowering guns, 
so that the loading is done at a low level under the protec- 
tion of a fortification, the gun being raised above the parapet 
to be fired 

To work the turrets of a battleship no power is bettor than 
hydraulic to meet the essentials of rapid movement, together 
with a slow one of great steadiness. The system of engine 
adopted in the British service for this purpose has never varied 
except in detail. Three oscillating cylinders, each with a rain, 
drive cranks set at 120 with each other. The slide valves of 
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the cylmcleis are worked by rods from an eccentric point m the 
trunnions. There is a reversing valve to each cylinder, but 
all three reversing valves are worked by one shaft, and this 
shaft is controlled by hydraulic cylinders, known as the 
"starting and reversing" cylinders. 



JET PROPULSION 

The application of the hydraulic jet to the propulsion of 
vessels has been the subject of experiments of a more or less 
practical form, and of patents dating as far back as 16 01. 
During recent years the system has been tested by the con- 
struction of several vessels which were propelled by hydraulic 
jets, with the result of producing much controversy amongst 
experts in naval matters A paper by Mr Barnaby (read, 
before the Institution of Civil Engineers in 1884) gives 
a description of an experiment in the construction for 
the Admiralty of a torpedo boat by Messrs Thorneycroft. 
This was fitted with a turbine propeller, and the design of 
this boat provided for utilising as much as possible the 
velocity of the feed-water, Just in front of the pumps the 
bottom of the vessel had a sudden jump upwards from the 
stern and towards the bow end. At this point the bottom 
is formed into a great scoop, which gently rises to the inlet 
of tho pump, which is placed at an angle to reduce the effect, 
produced by tho change of direction of the feed-water entering. 
Tho velocity of this entering water causes it to rise in the 
scoop, and the vanes of the pump are adjusted to pick up the 
water without shock, and gradually to accelerate it to tho speed 
of discharge, Tho peripheral velocity of tho pump is 56 feet 
per second. The energy acquired by the water is utilised by 
discharging it through nozzles to orifices in the vessel above 
sea-level. These nozzles are 9 inches in. diameter, formed of 
copper pipes bent to a radius of 18 inches, and so pivoted 
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thai either end can be presented to the discharge orifice in 
the side of the vessel. The amount of water passed through 
the pumps in fifteen seconds is equal to the whole displace- 
ment of the boat. The water is discharged at a velocity of 
37'25 feet per second (about 1 ton per second being discharged 
with a lift of 21 1 feet), the speed of the boat being 21 4 feet 
per second (or 12 65 knots per hour). Careful experiments 
were made by means of a thin plate 1 ^ inch square, attached 
to the end of a lever and placed m the jot, just whore it 
left the nozzle The pressure on this plate was recorded by 
a dynamometer attached to the other end of the lever, and 
the lever was arranged so as to enable the plate to bo shifted 
about, and the pressure to be recorded over the whole jet 
The mean pressure was found to be nine-tenths of that m the 
centre. Professor Rankme's formula for the efficiency of the 
jet is as follows 

W V $ 

Efficiency of jet = 



., 

g 2g 2ff 

/= 0374; 

10 weight of water discharged in Ibs per second j 
v = speed of vessel in feet per second , 

s slip or acceleration imparted by the propelling apparatus , 
g = 32 '2 feet per second. 

"When the energy of the feed water is lost the waste per 

second may be expressed by / ~ , / being a multiplier 

4*7 

whose value may range from an insensibly small fraction to 
unity, according to the suddenness with which the velocity of 
the feed is checked 

The efficiency of the jet was found to be 71, and of the 

pump 46 The efficiency of the jet and pump combined was 

33, this being the useful work of the jet divided by the effec- 

tive h.-p. The total efficiency was '25, this being the useful 

work in the jet divided by the indicated h.-p. 
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A comparison of the efficiency of a jet propeller with a screw 
propeller was made by Mr Barnaby as follows 

Sciew Boat Efficiencies- Engine, 77, screw propeller, 65, 
total, 5. 

Hydraulic Boat Efficiencies Engine, 77, jet propeller, *71 ; 
pump, '46 , total, '254 

The principle of hydraulic propulsion has been applied to 
lifeboats, and Mr Barnaby described one m the Proceedings of 
Hie, Institution of Civil JSwjinGWS in 1897 The chief reasons 
for adopting hydraulic propulsion wore that, while a paddle or 
.screw would be much exposed to injury from floating wreckage, 
01 f i om striking the bottom, an internal propeller would be m 
a position of great security, and the inlet to the pump, being 
placed amidships, is always immersed however much the boat 
may pitch. The lifeboat described by Mr Barnaby was built 
by Messrs Thorneycroft, of Chiswick, for use at the Hook of 
Holland. The hull was of galvanised mild steel. An engine 
actuates a crank on a shaft which works a turbine 2 feet 
inches in diameter (made of gun-metal). The inlet pipe to it 
is of steel and the discharge pipes are of copper. The jets are 
controlled by handles on deck, and can. be directed either ahead 
or astern, so that the vessel can bo managed by the jets 
although it has a rudder (which can be triced up with buckles 
provided for the purpose) and steering gear. At a speed of 
9 knots about a ton of water per second was discharged by 
'the jets. 



HYDRAULIC JET FOB PILE 

Mr Be Burgh gives an interesting account of the use of the 
hydraulic jet for pile sinking in the Proceedings of the Institu- 
tion of Civil Engineers, 1902, in connection with the construc- 
tion of bridges in New South Wales. The operation of sinking 
was performed by forcing water through orifices cast in a shoe 
placed at the bottom of the pile into the strata through which 



170 HYDRAULIC POWER AND HYDRAULIC MACHINERY. 

the pile was to be sunk. Experiments were made to determine 
the best positions for the orifices, and it was found that a 
central orifice of 2 inches in diameter, and 4 orifices of I- 

Q 

inch diameter, placed round, and a few inches from, the central 
orifice, provided the most effective arrangement m sand and 
soft clay. The water jet was supplied by a pump on the 
surface, capable of delivering 250 gallons of water per minute, 
at a piessure of 100 Ibs. per square inch The water was 
pumped into the pile itself, no internal pipe being used. 
Although the pump was capable of working up to a pressure 
of 160 Ibs. per square inch, this pressure was not required, 
and, in fact, the pumping plant could be dispensed with whore 
a large supply of water could be obtained at a much lower 
pressure. When sinking through sand the water pressure was 
only about 5 to 7 Ibs per square inch, but when clay was met 
with the pressure rose to upwards of 50 Ibs. per square inch 
An air lock was provided for the purpose of removing drift 
timber, etc , which might be encountered in sinking the piles, 
the compressed air for which was supplied from an air com- 
pressor in the usual way. When the air lock was being applied 
a man descended and cut a passage for the piles, the sinking of 
which was continued by the water jet. 

The principle of the jet is utilised for the distribution of 
sewage effluents, or impure fluids, over the surface of bods 
composed of gravel, broken stone, clinker, or other material, 
through which the fluid trickles at a definite rate. Air remain- 
ing in the interstices of the material constituting tho filter bod, 
the organic or other impurities in the iluid, are acted upon by 
aerobic bacteria, and purified One arrangement is called the 
" Candy Sprinkler," which is shown by Plate 53. The Iluid to 
be distributed over the bed enters by the feed pipe A, through 
ports F A , passes into the revolving cylinder B, to the perforated 
arms E (the perforations being on one side only), and discharges 
from them in jets, causing the arms and cylinder to revolve, 
and the fluid to be sprinkled over the surface beneath. The 
arms E come into action at once, but the arms K receive the- 
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GEEATHBADS INJECTOR HYDRANTS. 

fluid when it rises to the level of, and flows over, the com- 
pensating sill C. As will be seen, the arms are supported by 
suspension rods K, attached to a head-piece G- (connected by 
suspension rods <T to the cylinder B), which revolves on a steel 
pivot H, round the supporting column F. The whole rests 
on a base plate D having a groove for a ball-bearing sealed 
with mercury. 

The author has dosignod an apparatus to automatically 
regulate the discharge of fluids to these sprinklers by utilising 
the flow to turn a small undershot wheel which works an 
arrangement of gearing connected with a revolving dish, in 
the bottom of which are outlets that come into operation at 
definite periods during which the fluid has a free discharge 
through thorn. 



GRKATHKAD'S INJECTOR HYDRANTS. 

Mr Greathoad perfected an appliance by which a jet of 
water from a Ingh-prcnsure mam is passed into a stream of 
water from a low-pressure main, which causes the stream of 
low-prossuro water to bo earned to a greatly increased height. 
If the liuoH of motion ol! tho two currants wore identically the 
same, so that no loss was sustained from eddies, the force com- 
municated to tho maHB of water at tho low velocity would 
represent exactly that which tho high-pressure water had lost. 

Pluto 54 shown ouo of tho Groathoacl "Injector Hydrants" 
as applied at tho Royal Albert Docks, London. 

Many experiments have been made to ascertain tho quantity 
of high-pressure water thai would be required to produce jets 
of water at various low pressures. Tho following table is 
deduced from experiments with a low-pressure supply from 
10 to 20 Ibs. per square inch, and with a high-pressure of 
700 Ibs. per square inch. The quantity given in the table is 
for a jet of 150 gallons (delivered through a 1-inch nozzle) 
variously estimated to ascend to a height of from 76 feet to 
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84 feet, and requiring a pressure of 100 feet/ head at the back of 
the nozzle. The length of hose is taken at 200 feet of 2|-inch 
brigade hose, the resistance of which, for that discharge, is 
taken at 3 niches of head per foot of hose. 

Quantity of High-Pressure or Power Water required for Various 
Heads of Low-Pressure Supply to produce thujftt described 



low-Piessure Supply n ^> Pre a 11)S per 



Lbs pei squaie inch leethead Gallons pur immilo 

60 138 3 7 

50 115 10 9 

40 92 IS 1 

30 69 25 2 

20 46 32'4 

10 23 39 6 



Mr Greathead advocated the application of these hydrants 
by the public bodies for the extinction of fire. It IB well 
known that the pressure in the mams is not, except in 
isolated cases, sufficient for giving powerful jets of water 
without the intervention of fire engines. He proposed 
that injector hydrants should be placed under the foot- 
ways, and be connected with the constantly charged mains 
of the water companies, and with a high-pressure supply pipe 
deriving its water from accumulators and pumps driven by gas 
or other engines placed at the fire brigade or police stations 
Upon a hydrant being used, the nearest accumulator would fill 
and start the engine and pumps automatically in the ordinary 
way, and thus, in the case of a large fire, involving the use of a 
number of jets, several stationary engines would come into 
operation. The power would thus be available on the occur- 
rence of a fire exactly where and when it was required. 

Up to the present time the hydrants have only been adopted 
in London by private persons for the protection of themselves 
and their property, though in Hull the Corporation have put 
them down in parts of the city. 

Another application of the injector hydrant is for drainage 
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purposes The iron tunnels, for instance, of the City and South 
London Kailway wore kept free from the condensed vapour 
which collected in the inverts of the tunnels in considerable 
quantities in certain conditions of the atmosphere. There the 
hydrants derived their supply of high-pressure water from the 
hydraulic mains from which the lifts at the stations were 
worked, and which ran through the tunnols. Their merits for 
this and similar purposes were that they occupy very little 
space and cannot got out oC order, having no working parts. 
Those on the City and South London Railway wont into a spaco 
of not more than 12 inches long and about 3 inches in diameter, 
and with a high-pressure noxzio of about -^-mch gave a 
discharge of about 100 gallons per minute through a 2-inch 
pipe to and up the nearest shaft into the street drains. 

The Hydraulic Engineering Company have a neat arrange- 
ment of hydraulic ejector which has boon specially designed 
for draining basements and other low-lying' floors of buildings, 
etc., into which water is constantly or occasionally leaking, and 
which cannot bo drained in the ordinary way by gravity. 
When intended for draining a basement tho apparatus is 
preferably fixed m a pit or sumph below tho floor, and into 
which the water drains. The apparatus is designed to be 
operated by pressure water from tho mains of tho London 
Hydraulic Power Go. The starting and stopping are controlled 
by a float which rises and falls with the lovol of tho water in 
tho sumph As the higher level is approached, the apparatus 
comes into action, ejects the water until tho lower level is 
reached, when the action stops and the consumption of pressure 
water ceases until tho accumulation of lluid again brings it 
into action. 

Several of those have been fixed in warehouses where,, 
previously, personal attention was required more or less every 
clay, and, in cases of heavy rains, on Sundays also, No personal 
attention is now needed beyond an occasional inspection at 
intervals of a few weeks. 
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BALL'S PUMP DKEDG-Ell 

A system of dredging by pumping lias been employed with 
success at various places Sand and gravel passing through 
ordinary pumps destroy them rapidly and interfere with their 
working, so that the machinery is continually being stopped 
and under repairs, consequently dredging by pumping rouhl 
previously only be employed in dealing with light mud and 
fine sand. 

The Ball pumps are of a design distinct from that of ordinary 
centrifugal pumps, the aim being to allow big stones to paflfi 
without damaging the pump. Special materials and arrange- 
ments are employed in their construction to prevent the 
destructive wear which arises when rapidly revolving parts 
running against fixed parts are fed with masses of material 
containing sharp grit 

Plate 55 shows a general arrangement of a Ball suction 
dredger as is used for river and harbour work. A IB a pump 
driven by an ordinary semi-portable engine B, and running 
at about 500 to 600 revolutions per minute. C is the suction 
pipe with a nozzle at the end, which is sometimes filled with 
a grating to limit the size of the stones that are to pass. The 
suction pipe is raised or lowered by moans of a chain which 
is worked from a davit D E is the delivery pipe through 
which the spoil is conveyed to the point of discharge. This 
can be carried by timber floats or by other suitable moans. 
F is the winch which is used for hauling the vessel about 
while the dredger is at work. 

The pumps receive the material by the centre, and it is 
brought into the shell of the pump by a duct in the casting 
which describes a spiral ; so that when the stones and gravel 
enter the pump, their motion, which was parallel to tho shaft, 
has been transformed into a rotary one, so that the material 
is already running in the same direction as the blades of the 
inner fan, the result being that its motion is gradually 
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accelerated by the fan blades, and it therefoie issues tangen- 
tially from the pump. The height to which the matciial will 
ascend varies with tlio nature of what is dredged The large 
stones do not give the most trouble, the thick clayey gravels 
being the most difficult to deal with. 

Where weeds have to be pumped, a movable valve in a Y 
piece or breech is employed, by which the material is sucked 
alternately through one arm and the other, each being supplied 
with a suction pipe and nozzle. As soon as one nox/.lo gets 
choked the suction is diverted to the other, and the choked one 
is lifted to the surface and the weeds are removed by an iron 
claw Another means of removing material is by employing 
the pumps to deliver a high-pressure jet into the suction pipe 
of the dredger, by which an ascending motion of the mixture 
is caused, and thereby a vacuum IH produced at the end of the 
suction pipe resting on the soil. By this, the material to be 
dredged IB sucked into the dredging pipe and is forced up into 
the delivery pipe without over passing through the machinery, 
Tins system has been used abroad with good results. 

Mr Langley, the (then) Chief Engineer of the Groat Eastern 
Kailway, described m a paper that was road before the 
Institution of Mechanical KngmoorH in 1882 the employment 
of one of the Ball dredgers (with a 12-inch suction) which was 
used at Lowestoft. The amount of material dredged averaged 
200 tons of Hand and slunglo per hour, and this was raised 
from 7 to 25 foot high. At Angers, on the river Maine, near 
its conliuenco with the Loire, in France, a dredger, with a 
suction pipe 1 1 inches in diameter, was used by Mr A. Pollerin 
to remove sand, which wus effected at the rate of 106 tons per 
hour. The same contractor used a 9-inch dredger at Poole, 
in "Dorsetshire, and moved 500 tons of fine sand per day from 
a depth of 9 to 12 foot, the material having to bo deposited at 
a distance of five miles. 

As the delivery pip can be carried distances (by buoying 
or floating it, as already stated), it follows that this system 
of pump-dredging enables large amounts of material to lie 
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dislodged and deposited elsewhere without being brought on 
board, or even seen, in a very economical manner compared 
with the older methods of dredging 

The amount delivered by a Ball pump vaiies with the 
natme of the material dredged The more it approximates 
to sea-sand and beach the better the results , the nearer it 
resembles clay marl, or concreted gravels, the less are the 
quantities that can be moved 

The Metropolitan Dredging Company of Now York have 
recently constructed two hydraulic suction hopper clredgOH for 
improving the East Channel These are an improvement on 
the " Brancker " and " Crow " dredgers used on tho Mersey The 
New York dredgers are of 7000 tons displacement, 300 feet 
long, 52 feet 6 inches beam, 25 feet depth, and have a 
hopper capacity of 2800 cubic yards of material, and a speed of 
10 knots an hour. The dredging machinery is placed forward, 
and consists of a 48-inch centufugal pump with one central 

suction pipe and two discharge pipes one to either side 

worked by two horizontal tandem compound condensing 
engines capable of lifting 75,000 gallons a minute from a 
depth of 40 feet. 



HYDRAULIC PILE DRIVER, 

In the construction of the Alexandra Docks, Hull, Messrs 
Lucas & Aird employed a hydraulic hoisting machine for the 
purpose of driving piles The machine thus utilised consisted 
of an ordinary gram hoist with the working chain-drum 
removed The monkey chain was worked direct from a ram 
7f niches diameter and 3-feet stroke A recessed chain sheave, 
with grip gear fitted to it, acted as a brake, and prevented 
the chain which leads to the monkey from slackening. 
Intermediate sheaves guided the chain from the ram to the 
monkey Another sheave took the chain (after it had passed 
over the ordinary ram sheave), and to the shaft of it a brake 
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wheel was keyed, which was used to prevent the chain from 
slackening out in the direction of the balance weight The 
monkey chain was led over the top of the pile engine in the 
usual manner. 

Were it only required to work the monkey at a stated 
height, the luake appliances and the balance weight would be 
unnecessary, as the ram would do this with the end of the 
chain made fast as usual. Whore, however, the height at 
which the monkey had to be worked varied through the level 
of the ground from 40 feet to 45 feel,, it could not be done 
without some such arrangement for shortening up, or letting 
out, the chain. Tins was also required for lilting the pile 
from the ground for fixing 

Knuckle-jointed pipes connected the machine with the 
hydraulic main, and could be doubled up or extended, as the 
machine moved in either direction. 

The action of the machine will perhaps bo beat shown by 
describing the lifting of a pile. The chain is attached to one 
end of a pile on the ground The brake is applied to prevent 
any movement at this end of tho chain. The ram is set m 
motion, and having a 3-feet stroke, with multiplying power 
4 to 1, its pullios lift tho pile about 12 feet, Tho grip gear is 
then applied to prevent the pile from lowering, as the ram 
recedes. Tho brake is then loosened,, and the ram is allowed 
.to recede, the slack chain being taken up by the balance 
weight which lowers, When tho ram is fully back, the brake 
is again applied, and tho pressure is turned on tho ram. The 
grip gear is loosened, and another similar lift is taken with 
the pile. In driving tho pile, the monkey is lifted to the 
required height in a similar manner to that described, Tho 
brake is then applied, and is kept constantly on, until it is 
.desired to work the monkey at a lesser height, The ram then 
works the monkey at whatever stroke is required. When the 
monkey has to be lowered (as tho pile is being driven), the 
grip gear is applied when the ram is back, the brake is 

loosened, and the ram being set in motion, lifts the balance 

12 



178 HYDRAULIC POWER AND HYDRAULIC MACHINERY. 

weight, taking the chain from this end. When a sufficient 
quantity of chain is obtained, the brake is again applied and 
the grip gear loosened. Then as the rani recedes the monkey 
is lowered. 

This machine was found to work very smoothly, and it 
fully answered the purpose for which it was employed It 
gave fourteen blows per minute through an 8-foot drop, with 
a monkey weighing 1 ton This rate of working compared 
favourably with other pile drivers which were at work at 
these docks, as the maximum number of blows per minuto 
with a similar drop was only eleven 



HYDRAULIC PILE SCREWING APPARATUS. 

An ingenious application of hydraulic power is that of a 
hydraulic pile screwing apparatus which has been patented by 
Messrs Wrightson & Clark, and is illustiated by Plato 50. It 
possesses many advantages over the ordinary capstan. 

The frame of this machine consists of two wrought-iron 
plates marked A, between which is inserted a cast-steel ratchet 
wheel B, about 2 feet 7| inches diameter, over the teeth, and 
having 32 teeth in its circumference. A boss C, cast on each 
side oi the ratchet wheel, passes through steel angle rings D, 
secured to each side of the wrought-iron frame, and in which 
the ratchet wheel revolves The boss C of the ratchet is cored 
out to suit either piles of segmental iron, or to receive the 
driver, which may be bolted to the top of the piles, when they 
are of large size and varying sections. At each side of the 
frame, and at opposite ends, are two hydraulic cylinders E, with 
trunk pistons F, which latter are connected to the ratchet 
and the frame G-, in which the ratchet works, by a cast-steel 
knuckle-jointed connecting rod H. The stroke of the piston is 
a little more than 2 pitches of the teeth in the^ratchet wheel, 
and therefore requires about sixteen strokes to make a rovolu- 
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lion of the pile Tho ratchet wheel is prevented from .slipping 
back on the leturn motion of the piston by a pawl J At the 
extreme ends of the frame are inserted arms K, made of wood 
plated with iron, and at the ends of these levers are shackles to 
receive hooks of rope tackles, which are secured to something 
rigid near the apparatus, and which form the resistance to the 
hydraulic cylmdeiH The power is obtained from a set of 
hydraulic pumps capable of working to GOO Ibs. per square 
inch, and having foui- 4-nieh diameter rams 6 inches stroke 
In the framing for these pumps is a small tank to receive the 
return water horn the machine and from which the rams take 
their supply The pumps are driven by a belt/ from a portable 
engine placed m any convenient position. From the pumps 
the water is conveyed by the wrought-iron pressure pipe M 
to the working valve JST, which regulates the supply and the 
exhaust to and from the machine The valve is actuated by 
the hand-lever 0. The pressure is conveyed to the back 
end of the hydraulic cylinders by an mdia-rabbor hose pipe 
P, and by copper pipes Q, by which also the discharge 
water is carried back to the valvo and pumps by the waste 
water pipe K connected to the waste tank. There is also a 
constant pressure connection H between the working valve 
and the front end of each cylinder, by which the pistons 
receive their power for the backward stroke. But few men 
are required to work Lhis machine compared with tlio ordinary 
mode of screwing by capstan head and hand winches, and 
piles can bo screwed in much less space. Tho power is regu- 
larly and uniformly applied, and consequently the pile is 
accurately driven without any tendency to drag the pile out 
of position, so that, except in the case of heavy piles, very 
little guiding in necessary. There is no fleeting over of ropes 
as is usual in the case of screwing by winches of the ordinary 
typo, so that a much more continuous motion is given to the 
pile, which is important, especially when screwing in sand or 
silly ground, whilst its action is quicker than that ol a capstan 
driven by ordinary steam winches. It is as easily applied 
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to "battered as to plumb piles, and when either of these are 
inclined to deviate iiom their true line they can quickly 
be thrown into any other position in order that they may 
be worked back again to their tine place 



HYDRAULIC EXCAVATOR 

During the execution of the works at the Alexandra Dock, 
Hull, it occurred to Mr (now Sir) John Aird to excavate the 
material by utilising the watoi -pressure in the mama that 
were laid for working the permanent hydraulic, machinery 
of the dock A machine to accomplish this was accordingly 
constructed as shown by Plate 57. The circumstances wore 
favourable to the utilisation of hydraulic power, inasmuch as 
it was within easy reach of the machines to which it had 
to be applied The " hydraulic navvies " (as they were 
called) were, however, at times working at a distance of 
half a mile from the source of the power, and as there were 
several craneb, hoists, and other machines which abstracted 
power at various intermediate points, it was considered that 
the effective pressure at the " navvies " was about 700 Ibs. 
per square inch, although the accumulator pressure was 750, 

The machines are fitted with main rams E, 14. inches 
diameter and 4 feet 6 inches stroke. The chain for drawing 
one scoop through the excavation works over sheaves F, the 
multiplying power being 10 to I, The chain at thu ncoop 
end is worked over sheaves G, twofold, thus giving a ratio 
of 5 to 1 in speed and stroke on the ram and bucket. Tho 
range generally required for the scoop was from 15 to 18 feet, 
In ordinary working about 3 feet 6 inches stroke was required 
on the ram. There are two smaller rams H (to slew the 
main jib) 4 inches diameter and 4 feet 2 inches stroke, 
which are fixed horizontally on the top of the bottom 
framing The chains from these are attached to opposite 
sides of the circular platform at the bottom of the jib. 
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HYDBATJLIO EXCAVATOR. l8l 

The machines are moved backward and forward by means 
of a hydraulic cylinder J, 3 inches diameter, fitted with 
a piston. The piston-rod is attached to a rooting lever K, 
about 2 feet 6 inches long, which is centred on the leading 
axle This lever is fitted with two catches, reversed, which 
gear into a double reversed toothed ratchet-wheel M, on the 
same axle L The cylinder is arranged so that the pressure 
can be applied to either side of the piston , therefore, by 
putting either one or other of the catches into gear, the 
machine is moved backward or forward The stroke of the 
piston is 10 inches, and the ratchet gearing is so arranged 
that the machines travel about 4 inches each stroke. 

The machine being set to work in a cutting (say) from 
15 to 18 feet deep, the scoop is drawn up by the mam ram 
through the "face" of the excavation, taking a cut from 
4 inches to 6 inches thick, which is just sufficient to fill it 
by the time it reaches the top. The jib is then slewed round 
(by the 4^ -inch horizontal rams), when the scoop is brought 
directly over the wagons on either side. The catch which 
holds the door at the bottom of the scoop is then freed, and 
the load is discharged into the wagon. The jib is then 
slewed the reverse way, and the scoop is lowered, by ex- 
hausting the water in the main cylinder. The scoop weighs 
about 25 cwt., and has a capacity of 1| cubic yards, making 
a total dead load of about 3|- tons, independent of the 
resistance duo to tho scoop cutting through the material. 

The hydraulic pipes close to the machine were in 9-feet 
lengths, fitted with knuckle joints, which admitted of their 
being so connectod to tlio main pipes that they could be 
doubled up at starting, and could be extended as the machine 
advanced for a distance of about 18 feet, before additional 
pipes were required for the main. "When this distance had 
been reached, the knuckle-jointed lengths were again brought 
forward and doubled up. 

The greatest quantity of material that one of these machines: 
excavated in a clay was about 750 cubic yards. The circum- 



1 82 HYDRAULIC POWER AND HYDRAULIC MACHINERY. 

stances, however, under which they were worked were far 
from favourable, as the material was of a soft slimy nature, 
and caused difficulty and loss of time in keeping the machines 
in a level position Under more favourable ciicumstances, 
these machines were considered to be capable of excavating 
1000 cube yards per day each. 

It was found that the "hydiaulic navvy" had an ad- 
vantage over the "steam navvy" owing to there being 
fewer wearing parts, The action of the working parts was 
also much smoother, by which the vibration was reduced, 
and fewer repairs were necessary A saving resulted, not 
only in the cost of repairs, but also in the time for doing 
them 



SOHONHBYDER'S PRESSURE REGULATOR 

In connection with pumping machinery generally, but moro 
especially with that of the rotative class, it is necessary to 
provide an equalising vessel, the function of which is to receive 
the excess of water delivered by the pump (above the mean 
flow) at certain periods of a revolution, and to supply to the 
mam at other periods the deficiency (below the mean How), 
so as to ensure a nearly uniform speed of water in the pump- 
ing mam Pumps of the "Duplex "and the "Three Throw" 
type have a fairly uniform rate of delivery, but when forcing 
into long mains it is usually considered necessary to provide 
even these with air-vessels When, however, the pressures are 
very high, these cannot be used, as the air becomes absorbed 
by the water, and loaded plungers, springs, etc., have been em- 
ployed as substitutes, but they are all deficient m power of 
regulating themselves according to the varying pressures in the 
main. The automatic pressure regulator of Mr W. Schonheyder 
is designed to meet this, and an illustration is given on Plato 58. 

A is the pumping mam through which the water Hows from 
the pumping engine. B is a plunger, working freely through 
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a leather or oilier packing C is a plunger or piston con- 
nected to B, and working freely, but steam-tight, in the 
cylinder D. E is the steam admission passage, and F the 
drain which is furnished with a suitable regulating valve 
(not shown) G is a slide valve working in casing H, and in 
connection with these are the ports and passages. The valve 
G can be moved up or down by a rod and lever from the 
stops I and 1C, secured to one of the side rods Steam is 
supplied to casing H , the dram is kept slightly open for 
discharge of condensed steam, and the working of the apparatus 
is us follows When the iiow of water from the pump is 
below the mean, the plunger B will (by the action of the 
steam in cylinder D) be pressed inwards to supply the de- 
ficiency, and when the flow is m excess it will be forced out- 
wards, slightly compressing the steam in D Should tha steam 
pressure in D be insufficient to balance the water pressure, 
the plunger B will bo gradually forced out at each movement 
until the stop 1 comes in contact with the lover, thus forcing 
down the valvo G- and admitting more steam to the cylinder. 
Conversely, when the steam pressure in D is too high, B will 
be forced in wards, and the stop K will cause the valve G- to 
be raised a little, thereby exhausting some of the surplus 
steam It will be seon that tho regulator is self-acting, and 
it has tho further advantage over tho ordinary air-vessel that 
it does not require to bo " charged " , for, from the moment 
that stoam has boon turned on to it, it is ready for work and 
commences its regulating action directly the pump begins 
working, Air or other convenient elastic thud may be used 
iti place of stoam. This regulator has boon applied with 
sufKjoBh to several pumping installations. In ono case two 
horizontal rotative pumping-onglnos delivered water through 
27 miles of 4-inch main, under a total head of nearly 1000 
Ibs. per square inch. 
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DEACON'S DIFFERENTIATING- WASTE-WATER 
METER 

This instrument measures the flow of water through a pipe 
and detects and localises leakage graphically. If a straight 
line represents no flow m a pipe, any leakage at a timo when 
there ought to be no flow can be represented by a lino parallel 
to this, and the flow at periods of demand at all times admits 
of being recorded graphically by a diagram having abscissa) 
for periods of time, and ordmates for How in gallons per 
hour 

The instrument designed by Mr Deacon to accomplish this 
object is shown by fig 65. It consists of a truncated hollow 
cone A A, within which is a disc B, fitting the lower and 
smaller end of the cone, guided vertically, and loaded to 
counterbalance the pressure upon its under surface in excess 
of that upon its upper surface, due to the flow of water 
upwards between it and the sides of the cone. Tho disc 
is pressed upwards by the water rising below it, until this 
difference of pressure is exactly equal to the counterbalance. 
The counterbalance being constant, the difference of pressures 
(or loss of head) must be constant also It follows from this 
that the annular orifice between the movable disc and the 
fixed cone is approximately proportional to the velocity m 
the pipe, and to the volume flowing past the disc. The orifice 
being proportional also to the height of the disc above its 
lowest or zero position, the volume of flow is approximately 
proportional to that height. 

When no water passes, the fact is recorded upon tho diagram 
0, by a pencil carried by a wire attached to tho disc, and when 
a flow occurs the pencil rises, the height to which it rises being 
approximately proportional at each instant to the volume pass- 
ing at that instant. 

The diagram is caused to revolve by clockwork at D, and is 
so ruled horizontally that the heights are* exactly proportional 
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to the volumes. The actual volumes lor each position of the 
disc in each class of meter have been very accurately ascer- 
tained by quantitative measurement. 

Meters can be placed upon a system of water mains SO' 








Fig 66. 

that each commands a certain district The height of 
the uniform horizontal line in each meter shows the 
waste. An inspector visits the district where this leakage 
existR, at night. He listens at the stop-cocks in rotation 
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with a rod, used like a stethoscope By paitially closing 
the stop-cock, so as to contract the area of the orifice, he 
can increase the sound He closes those stop-cocks at which 
a sound is heard, and notes the position and tune. The 
meter records simultaneously the time of each closing , and 
by the difference between the volume before and after each 
closing, it also records the leakage that has been prevented 
by that closing 

Another use of the meter, teimed a disc gauge, is for the 
purpose of measuring the flow m large mama. One such is 
fixed near Oswestry on a 39-mch mam of the Vyrnwy aque- 
duct for the supply of Liveipool This instrument has proved 
useful, not only for the purpose of measuring the flow of water, 
but also as a means of checking the walksmen along the line 
of aqueduct, in connection with the opening and closing of 
the stop-valves 



IMPERIAL POSITIVE WATEIl METER 

Mr Schonheyder has devised a meter (made by Messrs 
Beck & Co.) winch deserves mention, as it is capable of 
measuring very small flows, and is simple in construction and 
in working JFig 66 shows the arrangement of the meter 
with tho cover removed. 

Pigs. 67 and 68 show sectional views of tho meter. 

The lower portion A contains the three cylinders B, and 
the valve-seating 0, with its three ports and passages D, 
communicating with the bottom of the cylinders. There is a 
discharge port and passage E, and inlet and outlet connections 
F and G-, also the strainer H. I is the cover, with the rib K 
for holding down the strainer. An unequal spacing of the 
bolt-holes prevents the cover from being wrongly fixed to 
the lower portion. L is the valve with its three arms, m 
the ends of which are cup-shaped bushes M, for receiving the 
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spherically-shaped heads of the piston-rods 1ST, and. to those 
aie secured the pistons, composed of upper and lower piston- 
plates 0, nnts and flexible piston cups P. Tho water entering 
the meter (as shown by the arrows) passes np through the 




Fig, (Hi, 

strainer into tins upper portion of the casing, and presses 
equally downwards on all the throe pistons, and also on the 
valve. According to the position of the valve the lower end 
of each cylinder in succession is communicating with, the 
outlet passage E, and its piston is therefore forced down by 
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the superior pressure above, thus discharging the contents of 
the cylinder At the same time one (or both) of the other 
cylinders is having its piston raised, whereby water is admitted 
through the passages, and the lower part is filled Thus each 
lower end of the three cylinders B is in due course filled and 
emptied, one or two pistons always supplying the active force, 
so that there is no dead point 
The length of the stroke is regulated by the flanged pro- 




Fig 67 

jection Q on the valve L, coming into rolling contact with a 
similar flanged E on the valve seating 0. A slight skew of 
the ports causes the pistons to endeavour to take a longer 
stroke than they should, the roller paths restricting this 
tendency The teeth in the valve and the notches in the 
valve-seating prevent the valve from turning round on its 
own axis The valve-pin S engages the crank of the crank- 
spindle T, which communicates motion to the clockwork in 
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the usual manner U is the bush in the cover. V is the 
counter-plate supporting the lay-shaft with its worms and 
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Fig 68 



wheels. W is the dial-box protecting the clockwork, and Y 
is the counter. 



KKNT'K STANDARD WATKK METER 

In measuring small Hows of water, Home forms of meter 
cannot bo relied on. A rooetit positive meter by Mr Kent 
(called the " Standard ") deserves notice, UK the construction of 
it appears to meet the conditions upon which continuity of 
recording variable Howe depends. Plate 59 gives details of 
the construction of this meter, which consists mainly of three 
parts, namely, the top, the body, and tho port-block and 
registering gear contained between tho top and body 

It is a two-cylinder meter, but each cylinder is divided 
into an upper and a lower portion shown as It and 1& and 
2t and 2& respectively. The passages leading to the top and 
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bor/torn of these cylinders are contained in the main casting, 
and connect respectively to the top and bottom faces of the 
port-block (3), and are controlled by means of the valve (4), 
which moves in an eccentric path on the face of the port- 
block. 

The inlet passage (5) leads into tho upper portion of the 
body, to the whole of which it has fieo access Tho circular 
outlet passage (G) connects with the boss on the under side 
of the port-block, communicating with the annular outlet 
port (6) 

A crank-shaft or spindle passes through the centre of the 
port-block, and carucs at either end a crank at right angles 
one to the other These cranks are fitted with crank-pins 
which work respectively in links (10), foirnmg part of the 
frames (9), connecting the pistons belonging to tho top and 
bottom portions of each cylinder 

On No 1 side the spindle is provided with an eccentric 
(4a) on which is placed the annular valve (4) which is 
actuated thereby. The spindle also carries tho worm (7) 
which drives the counter-gearing 

The dial portion of the counter is placed in tho counter box 
(8) The circular valve may be described as an annular <c I) " 
valve that is, it is provided with an annular recess on tho 
under side, the function of which is to put into communication 
one of the four half-moon parts which connect with tho passages 
leading to the top and bottom of each cylinder, and tho annular 
exhaust port (Oa) At the same time as it does this, the opposite 
port, which communicates with the other end of the same 
cylinder, is fully open to the inlet pressure as shown on the 
sectional elevation, of the valve movement and the section 
through port block and valve. As the crank-shaft is rotated by 
the movement of the pistons, the valve travels in an eccentric 
path, placing in turn each of the half-moon ports in communica- 
tion with the proper end of the cylinder which it controls It 
will be seen that as one port commences to close, the next one 
simultaneously commences to open, and that the ports are each 
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THE VENTURI METEll. 

The depression in the hydraulic gradient that is caused by 
a contraction of a pipe m which liquids are flowing has been 
referred to in dealing with the principles which govern the tlow 
of water through pipes Ventun, in 1791, first observed this, 
and published information on this interesting discovery in 1707. 
A practical application of it has been made by Mr Clemens 
Hersehel, who has devised what is termed a Vonturi motor, by 
which the relation between the velocities and pressures of Hinds 
when flowing through converging and diverging conduits are 
recorded This meter is of great practical use, as it enables the 
flow of fluids to be recorded in connection with works of water- 
supply, irrigation, abstraction of water from rivers, compensation 
water to stream, and many other purposes where it is necessary 
to ascertain what volumes of fluid are passing through conduits at 
all times and undei all conditions This can be effected without 
requiring the introduction of apparatus in contact with the 
flowing fluid, and without offering any obstruction or interference 
with the line of flow Fig. 69 shows a Venturi meter from a 
drawing furnished by Mr George Kent, the London maker. 

The tube forms a part of the ordinary pipe lino, and only 
differs fiom it in that it presents for a short distance a truncated 
reducing cone, coupled by a throat-piece to a similar expanding 
cone There is therefore (as before stated) no moving part 
whatever in contact with the flowing water, and any interruption 
of the supply from such a cause is impossible The relation of 
the area of the throat to that of the mam in which the tube is 
inserted is entirely governed by the requirements of the waler 
engineer as to maximum and minimum registrations, the propor- 
tionate area of the throat being increased when the maximum 
and mmnmum of desired registration are high, and being 
decreased when they are low. 

The Venturi meter is used on the Coolgardie pipe line in 
"Western Australia This line is 338 miles long It is constructed 
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in eight sections, and on each section 
is placed a Venturi rnefcer to check 
the work of the pumps and the 
integrity of the main. 

The two largest meters in England 

are those attached to the 94|-m. 

mams connecting the pumping 

jngmes with the reservoirs at 

3tames on the Thames These 

neters are capable of dealing with 

i quantity of 150,000,000 gallons 

jor twenty-four hours, though this 

s more than they will be called 

ipon to do In connection with 

.he Stames reservoirs it may be 

nentioned that there exists a very 

lomplete system of measurement in 

hose works by which the water is 

aoasured at the mtako from the 

ivor. It is measured on its way 

lown the conduits to the pumping 

ngmes, from the pumping engines 

nto the reservons, and on leaving 

ho reservoirs into the distributing 

ondmt ; and again, as it is divided 

iGtween the throe companies inter- 

sted, the quantity flowing into the 

ystem of each company is recorded. 

ill thoao results are given diagram- 

mtically to show the rate of How, 

nd by counter to show tho total 

uantity passed, and they are con- 

eyed electrically to the engine- 

ouse in order that tho engineer in 

large may have a complete know- 

>dgo of what is occurring over the 
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whole system, the distributing basin being some eight miles 
from the intake, 

In addition to the above results, the levels of the water 
in the river Thames, in the conduit, and m the leservoirs, 
are also recorded and electrically transmitted to the engine- 
house 



THE BECOBDEK 

This is shown by fig 70,iand consists of two parts first, of 
the mercurial " U " tube shown in the diagram between the 
up-stream part of the tube and the recorder. This being 
connected with the up-stream and throat (at T on the tube) 
brings m the elements of "Ventun" head, and secondly, 
of the clockwork and gear controlled thereby, which 
supplies the element of time The connection between 
pressure and time is established by means of lloats resting 
on the mercury in the U tube of the recorder. The 
registering instrument may be fixed anywhere within 1000 
feet, or if desired, the registration can be conveyed electrically 
to any distance 

The Venturi meter and the recorder are shown connected 
in fig. 70 The different pressures existing afc the up-stream 
end, and at the throat of the meter tube, are transmitted by 
small pipes T U to the recorder, where they oppose one 
another, and are balanced by displacement of level ol two 
columns of mercury m the cylindrical tubes, one within the 
other The inner mercury column carries a lloat J V, the 
position of which is dependent on, and (as previously ex- 
plained) is an indication of, the velocity of water ilowing 
through the tube The position assumed by an idler wheel 
H carried by the float, relative to an intermittently revolving 
integrating drum I, determines the duration of contact of 
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gears G- and F connecting the drum and the counter, by which 
the flow lor successive intervals is registered. 
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The largest meter tube that has yet been, made as 9 feet 
in ^diameter, with maximum capacity of 200,000,000 gallons 
in twenty-four hours. 
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HYDEAULIO POWER APPLIED TO KAILWAY 

POINTS 

The working and locking of railway points and signals by 
hydraulic power, instead of by rigid rods and wires, has been 
in successful operation for years, and those of Messrs Saxby 
and Farmer deserve to be refeired to The fluid (a mixture of 
water and glycerine in cold climates) is conveyed by means 
of small pipes laid underground to double pistons fixed near 
the points, or to small single pistons attached to the signal- 
posts, the necessary power being generated by a pump worked 
by hand, steam, electricity, oil, or gas, as circumstances render 
necessary or convenient The power so generated is stored 
up m an accumulator ready for use By this system the 
working of points, however distant they may be from the 
station or cabin, is accomplished without any physical effort 
on the part of the signalman, as the little levers used for 
turning on the pressure can be easily moved 

Whilst points are moved to and fro with the greatest facility, 
means should be provided for securing them firmly in position 
before a tram is allowed to pass over them, and for assuring 
the operator that such closing and locking of the points has 
been perfectly accomplished , and this very important object is 
attained by the hydraulic system in the most perfect manner. 
Each set of points is moved lo and fro by means of two 
pistons, which are put in alternate communication with fluid 
under pressure, and with a discharge reservoir When the 
fluid has moved the points by means of the pistons, it is- 
allowed, by the opening of a valve worked by the point lock 
attached to the points, to pass back to the signal cabin, and 
by means of a small plunger fixed to the lever-locking frame, 
to release the signal lever, which can then be moved, and 
the signal worked to permit a tram to advance over the 
points. 

The movement of the point lever turns on the fluid tinder 



HYDROMETER WITH PARACHUTES. 197 

pressure to the points, unlocks them, moves, and then locks 
them in their altered position ; and, after this is accomplished, 
the fluid returns to the cabin and releases the levers, which 
can then be pulled for the purpose of working the proper 
signal 



HYDROMETER "WITH PARACHUTES 

The low efficiency of watcrwheels when the velocity of a 
stream and the fall are but small, has led to the substitution 
of an endless chain ladder with paddles to utilise the power 
of a stream under those conditions over a larger distance. 
Such an arrangement was tried on the Seme in 1865 by 
M Roman, who arranged two endless chains to turn round 
drums supported by floating barges To the links of these 
chains a series of 70 paddles were connected, each being 
16$ feet long and 2 feet wide, placed 5 feet apart, this spacing 
giving a pressure on the rear paddles of three-fourths of the 
pressure that there was on the leading ones The velocity of 
the Seme was 1$ feet per second, which gave an efficiency of 
the apparatus of 60 per cent during the trial A higher 
efficiency would be given when the velocity is increased, 

Mr Yagn devised a parachute hydrometer on a similar 
principle, and this was described in Le G6nie Qwil in 1884. 
Two endless hemp cables turn round a wooden drum supported 
between two barges. A series of parachutes of sailcloth are 
placed on the cables at intervals apart of double their diameter 
These parachutes open when going with the stream, being 
prevented from turning inside out by six small cords encircling 
them and attached to the cable , and they close on their return. 
The open parachutes, taking a slightly diverging course on 
leaving the drum, turn round pulleys at the end of their 
journeys, which are fixed in frames and kept in place by a 
float and weights. Deep grooves are formed for the pulleys 
bj curved metal rods, so as to reduce the friction and the wear 
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of the parachutes Experiments on the Neva at St Petersburg 
showed that the closed parachutes rolled easily round, and that 
their resistance in returning was only about 1 per cent of the 
power obtained in their descent The tension of the cables is 
maintained by attaching a short cable to the frame of each 
pulley furnished with some parachutes, and terminated by a 
board placed obliquely m the stream. The trials on the Neva 
and at Lyons show that the action of the current on all the 
parachutes is the same as on the foiemost one, provided that 
the interval between them is four times their diameter, or 
even with an interval of two diameters if the cables are 
inclined 10 to the current. The specific gravity of the cables 
with parachutes so little exceeds that of water, that they 
readily float under the action of the current, and so they can 
be given a course of from 1300 to 1650 feet The practical 
diameters of the parachutes range between 2 feet and 6 feet. 
The cable can work under the ice, it is unaffected by wind 
or waves , and as it is perfectly flexible and can be sent to any 
depth, no impediment is offered to navigation beyond the space 
occupied by the barges. The whole apparatus can be taken up 
in an hour for removal to another part of the river. The first 
cost of the apparatus is small, but the renewal of the cables and 
parachutes forms a heavy charge, as they are reckoned to have 
a minimum life of only four months. 

The author devised an arrangement of parachutes to utilise 
the power of a river abroad, where the conditions were not 
favourable to the employment of turbines or water wheels, and 
where he had to rely on the velocity of flow instead of on the 
head of the river 

UTILISING THE TIDES, 

The tides afford an enormous source of energy, but practical 
difficulties prevent their utilisation except to a limited extent. 
Even where the tidal range is large, as in a river like the 
Severn, it must be remembered that to utilise the energy by 
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impounding the water during flood tides, and by passing if; 
through tui bines, to produce rotary motion during ebb tides, 
the large theoietical power that is represented by the differ- 
ence of level would only be available practically for a very 
shoit period four times a day. Turbines require a fairly 
constant head, but even by impounding the flood tides in 
more than one receiver, the head would be ever varying with 
springs and neaps, ebb tides and flood tides. Where the 
dam that is required to impound tidal water serves also as a 
roadway to connect the districts on both sides of the creek 
or estuary, the cost of its construction may be justified, when 
it would not be so if it was only made to impound water for 
power purposes. The author some years ago reconstructed 
an old causeway at Elmg, near Southampton "Water, and im- 
pounded tidal water which was utilised by a mill there In 
this case the dam afforded a much-needed means of communi- 
cation between two districts At Pembroke similar roadways 
exist which impound the tidal water in the upper portions 
of two of the creeks of Milford Haven, for utilisation by mills 
erected there 



THE GIEARD-BAREli; HYDRAULIC RAILWAY. 

M. Barre has carried to a practical success an idea that 
occupied the attention of M. Girard many years ago, when 
he was perfecting the turbine with which his name will be 
always associated The project was to construct a vehicle 
with a smooth bottom that would be in contact with a flat 
surface upon which it could slide. By directing a current of 
water under pressure between the two surfaces, the tendency 
will be both to keep them apart and to cause motion in the 
direction of the current by which the vehicle would be 
propelled. A successful illustration of this principle was 
afforded at the Pans Exhibition in 1889, whore a tramway 
was shown in operation The vehicles were supported on 
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slides, resting and moving on plate rails having a broad, even 
surface A pipe fitted to the slide enabled a current of water 
at 150 Ibs. per square inch to be directed between the two 
surfaces, thus preventing metallic contact by a thin film of 
water. The under sides of the carriages had bucket racks 
attached to them, like troughs fitted with cross blades, agcamst 
which was diiected the current of water from the main, and 
so caused the propulsion of the carnages. The stream of 
water was controlled by valves, by which the speed could be 
varied, or by shutting off the supply the water-film dis- 
appeared, and the metallic contact between the surfaces of the 
slides and rails provided a brake. 

M. Barre' stated that the water required to propel the train 
was 8 gallons per ton per mile The line, which was 500 feet 
in length, having a fall at each end, was traversed by the 
carriages in half a minute The mechanical details were 
worked out with great ingenuity, and the system was quite 
deserving the interest that was taken in it 



POWER CO-OPERATION 

The concentration at one or more points of the power 
necessary for the supply of water for domestic purposes (m 
the same way as gas and other requirements of daily life are 
produced from central stations) has suggested the desirability 
of developing at one establishment the power that is requisite 
to actuate machines at work in an area within reach of 
such centre. The principle has been termed by the author 
"Power Co-operation," and is now well recognised, having 
been extensively adopted. The facility with which power 
can now be transmitted to great distances, enables the co- 
operation of many power-consumers to be brought about. 
Bramah realised its feasibility in the following characteristic 
letter, which was written by him to Eobert Mallet m 1802. 
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Referring to the hydraulic press, Bramah wrote- "I think 
much might be done in Ireland in the press way if the 
excellence of the principle was but known; I have also now 
applied it with the most surprising effect to every sort of 
crane for raising and lowering goods in and out of warehouses. 
So complete is the device, that I will engage to erect a 
steam-engine in any part of Dublin and from it convey 
motion and power to all the cranes on the quays and else- 
where, by which goods of any weight may be raised at one- 
third of the usual cost This I do by the simple communica- 
tion of a pipe, just the same as I should do to supply each 
premises with water. I have a crane on my own premises 
which astonishes every person to whom it has been shown 
as they see the goods ascend and descend fifteen or twenty 
times m a minute to the height of 18 01 20 feet, and at the 
same tune it is impossible for any person unacquainted with 
the principle to discover how, or where the power conies from. 
I also show them pumps raising water with huge force, and 
.a pi ess squeezing wood, etc, to atoms, and not the smallest 
discovery can bo made of the cause. I believe I shall have 
all the cranage of the London wet-dock warehouses to under- 
take, which will be the grandest job perhaps ever done " 

Many years ago the author promoted a Hydraulic Power 
Co-operative undertaking m Manchester, and the late Sir W. 
Fairbairn wrote in regard to it as follows : 

" Your proposal to erect steam-engines and lay down pipes for 
the purpose of working accumulators for supplying hydraulic 
power to different localities of the city of Manchester, seoms 
to have several advantages over the system now in use in 
the different warehouses where steam IB employed. In the 
first place, it would remove steam-engines and boilers from tho 
premises, lessen the risk from fire and boilor explosions; and 
secondly, it would supply the necessary power to work cranes, 
hoists, hydraulic presses, etc., in those depclts on principles of 
increased security" 
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MANCHESTER HYDRAULIC POWEII 

In 1891 the Corporation of Manchester obtained an Act of 
Parliament to supply water under pressure for such purposes 
as water-power is applicable. In 1894 an installation was 
earned out, and has been m successful operation since Fn 
a Corporation repoit of 1901 the works are thus described 

"There are two hydraulic pumping stations ; one is situated 
in Whitworth Street "West, Oxford Street, adjacent to the 
Rochdale Canal, and the other adjacent to an arm of the 
same canal in Pott Street, Ancoats 

"The Whitworth Street West pumping station contains nix 
sets of powerful pumping engines, each capable of delivering 
into the mains 230 gallons of power water per minute; live 
large steam boilers, fitted with mechanical stokers, oconomisors, 
coal and ash conveyers, etc., of the most approved description 

"The Pott Street pumping station only contains at present 
four sets of pumping engines, but provision has been made 
for two additional sets of engines, which will be erected 
when the increasing demand for the supply of power renders 
it necessary. The installation at this station is in other 
respects of the same capacity as that in Whitworth Street 
West 

" The reservoir of power consists of four large accumulators, 
loaded to a maximum pressure of 1120 Ibs per square inch, 
thus producing the same effect as if large supply tanks were 
placed at an elevation of over 2500 feet above the ground level, 

" The power water is maintained in the mains at a pressure 
of 1000 Ibs per square inch, and is available da/ and night, 
within the area of supply, all the year round, Sundays and 
holidays included. 

"A momentum valve, loaded to 1200 Ibs. per square inch, 
must be fixed on all service pipes exceeding 1 inch internal 
diameter, such valve to be fixed as near as possible to the 
back pressure valve inside the building. 
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"The consumer will pay the Corporation for the powei water 
taken in accordance with the scale of charges hereto annexed, 
a minimum charge being fixed at the rate of 4000 gallons 
per quarter Tor each machine on the consumer's premises , for 
example 

Gallons pet Charge pel 
ijuaitcr qiiiiriei 

c s a 
Minimum for 1 machine . 4,000 200 

2 machines 8,000 300 

3 12,000 400 

4 24,000 700 

" The meter rent is charged according to the size of the machine 
required. 

" Power water taken in excess of 300,000 gallons per quarter 
is charged 2s per thousand gallons for the excess quantity 
so taken, and in cases where minimum quantities of 500,000 
gallons and upwards per quarter are agreed to be taken, or 
paid for whether taken or not, the following special terms 
will be adopted < 

I'nce poi 
1000 gallons 

s cl 
For a minimum of 500,000 gallons per quartoi ... 2 

750,000 1 9 

1,000,000 1 6 

2,000,000 14 

3,000,000 1 3 

'Tower water taken for motors running on an average six 
hours per day throughout the quarter, or not less than 460 
hours per quarter, is charged Is 6d. per thousand gallons." 



HULL HYDRAULIC POWEE. 

Hull was the first town in which an Act of Parliament was 
obtained to lay high-pressure hydraulic mains under the public 
streets for the supply of water-power on the co-operative 
system, and there the author carried out the- first public 
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hydraulic power installation, which was described in a paper 
read at the Institution of Civil Engineers in 1877 (Robinson 
on the " Transmission of Power to Distances ") 

Since that installation was carried out, the system has been 
adopted extensively m many towns, and in a paper by Mr 
Ellington read before the Institution of Mechanical Engineers 
m 1895 the following summary is given 

EXISTING HYDKAULIC POWERS WORKS 



Yeaiof Length Laigest Engine Dehvoiyof 
Place Establish of Diametei Hoise- Water pei 

ment Mains of Mains Powei WeoK 



Miles Inches I II P Gallons 

250 100,000 to 500,000 

3,400 9,500,000 

800 1,000,000 

800 1,500,000 

52 78,000 

688 740,000 



Hull 


1877 


01 

** 


6 


London 


1884 


76 


7 


Liverpool 


1888 


18 


6 


Melbourne 


1889 


18 


6 


Birmingham 


1891 


31 


6 


Sydney 


1891 


12 


6 



Autweip 

Mancli ester 
Glasgow 



1894 

1894 

1895 



12 



12 

6 
7 



1,000 

800 
600 



3,300,000 

1,000,000 
nil 



NnmlH'i of 
Machines 
votkod 



Pressure 

poi si i null 

in Mams 



No 


LbS 


r>8 


700 


2,300 


750 


453 


800 


413 


750 




700 


200 


750 


Tmlmies ) 




at tluce > 


750 


stations ] 




247 


1,120 


ml 


1,120 



CENTRIFUGAL PUMPS 

For raising large quantities of water a small height, a 
" centrifugal pump " (which is practically an inverted turbine) 
is a very suitable form of pump. Appold constructed the 
first, and it has been the basis of all subsequent ones, Tn 
this form of motor it is necessary to bear in mind that the 
greatest efficiency can be only obtained when it is applied 
to work under a constant head The calculations on which 
the shape and design of the motor are based, show that an 
equally good result cannot be obtained when the head is 
variable. A velocity of about 5 feet per second for the flow 
of the suction and discharge water is generally regarded as 
that which should be aimed at. The disc friction varies as 
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the square of the diameter, and the loss due to total frictions 
increases as the cube of the velocity. Experiments with 
centrifugal pumps have established an efficiency of about 
50 per cent in the small pumps, and about 70 per cent, in 
the large pumps. The shape of the curved vanes of the fan 
materially affects the results, the best form being that in 
which these are bent backwards Professor Unwm has shown 
by his experiments on the "Friction of Disc Eotated m Fluid" 
(recorded in the Proceedings of bU& Institution of Civil 
EnginfiGfs) the conditions which require to be observed in 
order to minimise the loss of efficiency in turbines and 
centrifugal pumps This loss is largely due to the friction 
of their disc-shaped surfaces in the water surrounding them. 
The larger the chamber in which the disc rotates, the greater 
is the friction of the disc, which is attributable to the stilling 
of the eddies by the surface of the stationary chamber The 
stilled water reacting upon the surface of the disc causes the 
friction of the disc to be dependent, not only on its own 
surface, but also on the surface of the chamber in which it 
rotates 

An interesting paper was read at the Institution of 
Mechanical Engineers by Dr Stanton in 1903, giving the 
results of experiments on the efficiency of centrifugal pumps 
which he had carried out in the Hydraulic Laboratory of 
University College, Bristol. 

He truly &ays that it is difficult to account for the well- 
known fact, that allhough a centrifugal pump is merely a 
turbine reversed, and therefore, theoretically, should have the 
same efficiency as the turbine, yet in practice the efficiency 
of the pump is considerably below that of the turbine, a good 
turbine converting about 80 per cent, of the potential energy 
of the water into useful work, whereas the effective work in 
lifting water by centrifugal pumps rarely exceeds 55 per cent. 
of the work put into the shaft. 

The explanation of this difference seems to be, that whereas 
the potential energy of the water m the turbine is converted 
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into kinetic energy with very little loss, in the pump there is 
considerable waste of energy in converting the kinetic energy 
of the water leaving the wheel into the potential or pressure 
form, even when the greatest care is taken to avoid shocks 
and sudden enlargements. The prejudicial effect of this loss 
on the efficiency is clear from the consideration that in a 
radial vaned pump approximately half the work put into the 
shaft is in the form of the kinetic energy of the water leaving 
the wheel. The following is from. Dr Stanton's paper 

The methods adopted in pump design to make this loss as 
small as possible are (1) To allow the water leaving the 
wheel to foini a free spnal vortex in the pump casing, the 
pressure inci easing radially outwards according to the known 
law, until the velocity has fallen to the value obtaining in the 
discharge pipe, as first suggested by Professor James Thomson. 
Although this method has been much used, there do not seem 
to be any published data of experiments on the einciency of 
such a free vortex. Prom a study of the loss of energy in 
streams llowmg in diverging channels the author was led 
to the conclusion that the efficiency of the vortex could not 
be a high one, and this was found to be the case. 

(2) To discharge the water leaving the wheel into guide 
passages of gradually increasing area until the velocity is 
sufficiently reduced in value. This is the method used by 
Professor Reynolds in the Mather-Keynolds pump It is 
clearly not suitable for variable discharges unless the area 
of the guide passages can be regulated. No results of ex- 
periments on the efficiency of guide passages have been 
published as far as the author is aware. 

(3) To recurve the vanes of the wheel at the outlet in a 
direction opposite to that of rotation, so that the velocity 
of the water leaving the wheel, which is the resultant of the 
velocity relative to the wheel and the velocity in common 
with the wheel, shall be comparatively small, and hence that 
any dissipation of its kinetic energy in shock will not affect 
the efficiency of the pump to an appreciable extent. This 
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was the arrangement adopted by Mr Appold in 1851 in his 
pump, the efficiency of which far exceeded that of the radial 
vaned type, and the theory of winch has been fully investigated 
by Professor W, Cawthorne Unwm. 

It may be remarked that this reduction of resultant velocity 
can only be realised m moderately slow-speed pumps. In the 
case of high-speed pumps it will be generally found that the 
velocity which the water has m common with the wheel at 
the outlet is so much greater than the velocity of the water 
relative to the wheel, that the recurving lias very little effect 
in reducing the velocity of discharge from the wheel 

An objection to this method is, that by recurving the vanes of 
the wheel we increase the speed at which the wheel must be 
run to give the same lift, and since the loss of work due to 
friction varies approximately as the cube of the speed, this 
will tend to diminish the gam due to diminished velocity of 
discharge. The superiority, however, of curved vanes over 
radial vanes, which is undoubted for the case of moderately 
slow-speed wheels, is not so clearly established for the case 
of high-speed wheels, the best practice on the Continent 
apparently being to revert to the radial vaned type 

The general conclusions which lie arrived at from the results 
of his experiments were as follows 

(1) In high-speed wheels, namely, wheels in which the 
velocity of the tips of the vanes exceed 40 feet per second, 
the effect of moderately recurving the vanes at the outlet 
is beneficial (especially when the water is discharged into a 
free vortox), the curvature being such that the velocity of 
{low of water through the wheel is uniform 

(2) Wheels which discharge the water into guide passages 
give a higher efficiency than those which discharge the water 
into a free vortex, this advantage being more marked in tlie 
case of wheels with radial vanes than in the other type, 

(3) The number of guide passages should not be less than 
four, and the areas at the inlet should be such that the 
velocity of How into the passages should be equal to the 
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velocity of discharge from the wheel, to avoid losses from 
sudden changes of velocity. 

As regards any modification of the existing design of centri- 
fugal pumps, Dr Stanton suggests that increased efficiency, and 
considerable economy m material and space occupied, would; 
result in the adoption of a high-speed pump driven direct 
from the motor, and designed on the principles laid down 
above. For dealing with very large quantities of water at 
low lift, no doubt the present slow-speed pump driven direct 
from a steam engine has great advantages, but for supply- 
ing moderate quantities of water at high, or moderately high, 
lifts, the high speed motor-driven, pump is very suitable When 
the simplicity of construction and small cost of centrifugal 
pumps is considered, it seems remarkable that the use of them 
should be so limited This is perhaps due to the impression 
which has, till recent years, prevailed, that these pumps wore 
useless at other than quite low lifts Now that their adapta- 
bility and satisfactory working at high lifts is being recognised, 
there seems every reason to suppose that they will come into 
use in many cases where reciprocating pumps have hitherto 
been solely employed 

As the speed at which a centrifugal pump should be run 
inci eases approximately as the square of the height of lift, 
the revolving wheel has to overrun the flow in that increasing 
degree, whilst the effect due to impact falls oil' with the in- 
creasing velocity of the wheel In low lifts the overrunning 
diminishes m the same degree, whilst the effect due to impact 
is increased. To meet the difficulties that arise whore centri- 
fugal pumps have to be used for high lifts, and in a space 
too limited to allow of a single wheel being constructed largo 
enough to give the required velocity, compound pumps have 
been employed, by which both the size of the wheels and 
casing, as well as the speed, have been lessened. 




fee 
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COMPOUND CENTRIFUGAL PUMP 

An arrangement of pump on the above principle has been 
successfully carried out by Mr John Richards of San Francisco, 
and as the compounding of centrifugal pumps has not been 
much employed, mention will be made of one that was described 
by him to the Mechanical Engineers in 1888 

Plate 60 shows a compound pump with two revolving 
wheels R. The driving shaft is coupled to the pump spindle 
at 0, the bottom bearing being at B A charging pipe P is 
carried down from the surface above, and the pump is charged 
either by a steam ejector or an air pump, always at the top 
of the pit The charging is not clone by water, as foot valves 
are not employed The foot of the delivery main M is sur- 
rounded by an air-vessel A. The water is drawn by suction 
into the top chamber T, whence it passes downwards through 
the two wheels R, and out to the discharge chamber D, through 
the delivery valve V, and up the rising mam M There are 
five curved vanes to each of the shrouded wheels, as shown in 
plan by fig 3, Besides the double inlets S S, there are two 
more inlet orifices in the top cover, at 1 1, shown m plan by 
fig. 4, for attaching two more suction pipes, but the four 
inlets are not often required. The air-vessel A is desirable 
for deep pumps. 

The employment of direct-acting centrifugal pumping engines, 
to the salvage of ships and their cargoes has engaged the 
attention of Messrs J. and H Gwynne for many years, and their 
" Invincible " plant is largely used 

Fig 71 represents a machine of the latest design used in 
salvage work It has inverted suction and delivery branches 
18 inches in diameter, and will deliver 1800 tons of water 
per hour against a head o! 30 feet. The engine is placed below 
deck, and can be worked by the engineer in charge of the 
propelling engines. The suction main is earned fore and aft 

underneath the deck, with the ends, which swivel, carried 

14 
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through the deck. The pump can draw the whole of its water 
from either end of the mam, or part from one end and the 




Fig. n. 

remainder from the other, the connections being arranged BO 
that the flow can be stopped on one side and taken in at the 
other Thus by regulating the valves the sunken VOSRO! can bo 
raised on an even keel. 



WATER WHEELS. 211 



WATEE WHEELS 

In considering the application of water to wheels, the 
variation of level of the water determines the character of the 
wheel to be employed. The rise in the stream, and in the 
level of the water for a given width of wheel, is sometimes 
greater than can be utilised in the open bucket of an overshot 
wheel. A variation of level of 2 feet, and a velocity of the 
periphery of the wheel of 5 feet, per second, are the usual 
limits. When the water is received by the wheel below the 
summit (generally between the axis and the lowest point), it 
is called a "Breast Wheel" In this case the supply is 
regulated by an adjustable sluice, over which the water flows 
to vanes on the wheel, which are substituted for buckets A 
channel of brickwork or stone surrounds the wheel, and in this 
the vanos move The water filling this channel acts by its 
weight m turning the wheel. The efficiency of an overshot 
or breast wheel sometimes reaches 75 per cent, but a lower 
efficiency of about 65 per cent, is a safer estimate, unless the 
wheel is very well designed and constructed. 

In the ordinary overshot wheel the open buckets of wood 
or iron are shaped so as to prevent the water shooting over 
the wheel. This is also obviated by making the capacity of 
the bucket sufficient to hold about three times the volume of 
water discharging into it, The buckets are placed between 
two shrouds, and the power acting on the wheel is measured 
by the volume of water and the height through which it falls. 
If F is the net fall in feet, Q the weight of water per second 
in pounds, then the gross horse-power acting on a wheel 
will be 

a JF x 60 
33,000 

In the "undershot" water wheel the water acts, by its 
momentum at the bottom of the wheel. When small falls of 
6 feet or so, or rapid currents, have to be utilised, the under- 
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shot waterwheel, as perfected by General Fencelet, is a most 
efficient prime mover Beyond that fall the wheel has to bo 
large and costly to give much power, and a turbine is 
preferable Even when the undershot water wheol is working 
under favourable conditions, at least one-half of the energy 
due to the fall is lost. The water impinging on the floats 
imparts some of its energy to the wheel, but it IOSOH part 
through eddies and breaking up. After it has acted on the 
floats again, it passes away from under the wheel with a 
velocity at least equal to that of the wheol, all of which 
velocity represents lost energy. About 25 per cent, of loss 
may be attributed to each of these causes, although in good 
undershot wheels 60 per cent of efficiency is possible 

Poncelet adopted the following rules as enabling the bout 
results to be obtained- The water should impinge on tho 
curved buckets at the bottom of the wheel at an inclination of 
1 in 10 The diameter of the wheel should bo twice tho 
depth of the fall. The velocity of the periphery of tho whool 
should be arranged to be 55 per cent of the velocity duo to 
the head, measured to the centre of inlet Tho fall and volume 
of water being known, the power of a wheel is determined 
thus, taking 60 per cent, of efficiency 

Q, = Volume of water m cubic feet per minute, 
HP Effective horse-power 

F = Fall m feet, 

530-5 = Cubic feet of water per minute falling I foot 
= 5305 x 62-2 = 33,000 ft.-lbs, per minute 
= 1 horse-power. 
c = efficiency. 
Then 

HP = Q x _-^ * ' ! 
"530 : 5" 
If 

Q, = 3000 cubic feet per minute. 
F = 4 feet. 
c = 60 per cent. = *6. 
rr p _ 3000 x 4 x -6 , Q1 
530-5 " ld ** 
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In America the "Pellon" waterwheel is reported to have 
an efficiency as high as 80 per cent , owing to the substitution 
of cups for flat floats which are attached to the circumference 
of a wheel. The water is delivered to the wheel through a 
nozzle of from 1 inch to 2 inches diameter, and the water 
impinging on the wheel and striking the cups m the middle, is 
deflected to both sides equally. The water is thus not broken, 
but spreads and exhausts the whole of its energy m the cup. 
The Pelton wheel is in fact an "impulse" turbine, hereafter 
referred to. 

A " Chinese " (or " Scoop ") wheel is simply an overshot 
water wheel with reversed motion, by which water is caught 
up in the buckets of the wheel as it revolves, and is raised 
to a height nearly equivalent to the diameter of the wheel 
For low lifts of about 10 feet, and for large volumes of water, 
this form of pump has an efficiency of upwards of 80 per cent 
The diameter is usually from four to five times the height of 
the lift, and the speed of the periphery should be about 8 feet 
per second. This kind of motor is adapted to the draining 
of fen lands In California the Chinese pump is extensively 
employed for low lifts for irrigation purposes. It consists of 
an endless band (generally a pair of ropes) passing over 
pulleys at the top and bottom of a slope, the bands carry 
a series of wooden floats or cross-bars fixed to the outer face 
and travelling m an open trough, by which water is raised 
from a stream at a low level and is delivered into carriers 
for distribution at a higher level For slopes of about 20, and 
for lifts of about 6 feet, this is a very economical method of 
raising water 

Mr Wilfrid Airy has designed an "Archimedean Screw" 
pump for lifting fluids, which illustrates the great efficiency 
obtainable from a motor which is designed to avoid loss of 
energy from eddies or shocks m the translation of the fluid. 
A description of this pump was given to the Institution of 
Civil Engineers in 1871 It consists of a rotating cylinder 
having a central core and one or more spiral passages. It 
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works in a frame at an angle of 30 to 45 with the hormm, 
and the velocity of rotation is about 3 feet por Kecoiul, moiumroil 
on the periphery of the cylinder. The lower end is pkrod m 
the water to be raised, and the upper end is attached to tho 
delivery. In the woikmg of a well-constructod Arolmnodonn 
screw pump on this plan, an efficiency as high as 85 pur cent. 
is obtained The feature in this motor is that tho npu-al 
threads are made on tho "developable" system, or that by 
which a curved surface can be unwrapped, laid ilat, and niatlo 
into a plane 



TURBINES. 

In the old " Barker's Mill " or " Reaction Whool," water 
passes downwards through a vertical tube, which forms tho 
axis of a horizontal tube, having holes at itH oxtromiticH 
through which the water issues This producoK a rotative 
action, but it also causes the water to have a rotary velocity 
after leaving the tubes of the reaction machine, which involve 
a loss of power. This attracted tho attention of Founioyrojt, 
and led to his inventing the "turbine." ?>y moans of guido 
blades fixed in an external case, ho gave the water a forward 
motion before it entered the wheel or internal cuso which 
revolved on the axis of the machine This resulted in tho 
water passing out of the machine at right angles to tho axin, 
without a backward velocity, thus avoiding tho GoiTOHpouding 
loss of energy. 

Turbines are classified into radial, axial, and combined or 
mixed flow. In radial turbines the water passes through tho 
wheel in a direction at right angles to tho axis of rotation, 
In axial turbines the water passes through tho wheols in ft 
direction parallel to the axis of rotation. In the other OAHOH 
both the radial and the axial are combined. Somo turbines 
work with all the parts under water, and those are oallod 
" Reaction " turbines, which are the best type for low ami 
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varying falls Other turbines are constructed with the buckets 
only partly filled with water, the rest/ of the space having air 
in it These are termed "Impulse" turbines, which are not 
suitable for very low or varying falls In both cases there are 
guide vanes to direct the entry of the water to the buckets 
of the wheel The machine devised by Fourneyron forms 
essentially the basis of the numerous turbines which have 
been subsequently invented by Jonval, Prof essor * Thomson, 
Sclnele, Girard, and others In well-constructed turbines the 
loss of energy due to velocity after the water leaves the 
machine varies from 5 to 8 per cent The loss from skin 
friction depends on the size and form of the machine 

The power of a turbine can be calculated by the method 
given for water wheels " c," varying from. 75 to 80 

A series of experiments by Mr Lehmann on thirty-six 
turbines, varying from 1 to 500 h.-p , led to the following 
estimate of losses 



Loss per cent due to 



Hydiaulic resistances, 
Unutilised eneigy, 
Shaft friction, 

Total, 
Efficiency, 



Aiiiil Flow 



Outw ard Flow Inward Flow 



12 


14 


10 


3 


7 


6 


3 


2 


2 


18 


23 


18 


82 


77 


82 



Mr Steiger, in a paper read at the Institution of Electrical 
Engineers in 1896, gave the following table of the efficiency of 
water wheels and turbines, with the fall for which they are 
adapted 



Fall in Foot 



Efficiency of Water Wheel 



1 to 5 

5 to 8 
8 to 16 
15 to 50 
About 50 


Oidmary undershot 
Poncelet, 
Sagobien, 
Low breast, . 
High bieast, . 
Overshot wheel, 
Pressure engine, 





Poi cent 


Efficiency of 
Turbine per 
cent. 




25 to 30 ) 
65 to 70 } 
65 to 75 ) 
30 to 50 
60 to 75 
65 to 75 
75 to 85 


70 to 75 

75 to 80 
75 to 80 
75 to 80 
75 to 80 
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These figures show that the smaller tho fall is, the Creator 
is the gam in power over the old-fashioned water wheels. 
Although the smallest fall which would probably bo utilised 
by a turbine is at least 2 feet 6 inches, useful power can bo 
obtained with a fall even of about one foot, if tho turbmo is 
suitably constructed 

A higher speed can be obtained on turbines that work 
with low falls, if the upper body of the wheel, which receives 
the water, is made smaller in diameter than wan the practice 
in the past, and by increasing the diameter and discharge 
area of the buckets on the lower part of the wheel. 

The Waverley Company of Edinburgh make a typo of 
turbine for low falls, which has a very good efficiency. It has 
been found advantageous to work tho wheel partly drowned 
when the fall is as low as about 5 feet, the normal tail water 
being level with the inside of the ilumo containing tho 
turbine. In their 3 6 -inch vertical shaft; turbine the bottom of 
the wheel is three inches larger than the body of the wheel. 
There are sixteen buckets, the discharging area of which is 725 
square niches. There are eighteen ports 17 inches long, having 
a total area of 631 square inches. This type of wheel works 
with a head of 5 feet, and develops 20 h.-p Their larger 
types include a horizontal one having a wheel 40 inches in 
diameter, and it develops 100 h.-p. on a 14-foot head, G feet 
of which is worked by suction. In this larger form the shaft 
is not extended into the discharge bend as in the smaller 
ones, the thrust being taken on a special design of cross, 
fitted in the end of the casing. This type is suitable for falls 
up to 50 to 60 feet For falls above this, and up to 300 foot, 
the form of turbine they adopt has only one wheel, but has 
two discharges, one at each side. 

At Schaffhausen in Switzerland a groat hydraulic power 
installation was carried out upwards of thirty years ago, 
when the power of the Ilhme was utilised and transmitted, 
at first by wire cables, and more recently by electricity, over 
considerable distances This was the largest installation in 
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Europe, but is now exceeded by the 9000 h -p of Tivoli, more 
lecently "harnessed" for transmission to Rome At Bellegarde, 
a little town in France near the Swiss frontier, a water-power 
installation was carried out on the Ehone, following the 
example of Schaffhausen Six turbines of 630 h -p each, 
working under a head of 46 feet, are employed to pump 
water to the upper level of the town above and to distribute 
power Zurich, Geneva and other places in Europe and 
elsewhere have utilised water-power, but the largest installa- 
tion in the world is at Niagara, referred to hereafter 



FOYERS WATER POWER 

The British Aluminium Company have carried out the 
only installation of water-power of any magnitude in the 
United Kingdom, by utilising the water derived from the 
river Foyers The Company obtained the water rights over 
about 100 square miles of country, which forms the gather- 
ing ground supplying the river. The greater part of this 
land is at an elevation of from 600 to 2000 feet above Loch 
Ness, and the water from the whole area passes by lochs and 
rivers and discharges over the Falls of Foyers. By the con- 
struction of clams and embankments, a continuous ]och has 
been formed between five and six miles long and about half 
a mile in width. The water is conveyed through a tunnel 
8 feet in diameter cut in the solid rock, to a penstock 
chamber, whence by separate casL iron pipes it is delivered, 
under a head of 350 feet, to turbines at the aluminium 
factory, which is built on a level piece of ground on the shore- 
of Loch Ness 

The installation consists of seven " impulse " turbines of 
700 h.-p each, the wheels of which are 10 feet in diameter, 
attached to vertical shafts at the upper ends of which are 
dynamos. To develop the full power of the turbine it has 
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to work at a velocity of 140 revolutions per minute Its 
efficiency is rather more than 75 per cent. The water used by 
each turbine is 1200 cubic feet per minute The electrical 
energy developed by the dynamos is utilised for the pro- 
duction of aluminium and carbide of calcium by means of 
the electric furnace 



NIAG-AEA FALLS 

In a paper read at the Institution of Civil Engineers m 
1877 the late Lord (then. Sir William) Armstrong stated that 
the Falls of Niagara had been estimated by Sir William (then 
Dr) Siemens (who had visited the Falls the previous year) to 
" be capable of yielding as much power as would lesult from 
the combustion of the entire quantity of coal now raised 
throughout the world, if the whole were applied with average 
economy to the service of steam engines , and it is not im- 
possible that at some future period that mighty cascade may 
to a great extent be subjugated for the production of trans- 
missible power to supply the requirements of a widespread 
manufacturing population It would be rash to pronounce 
even such an undertaking as this to be too great for the 
future enterprise of America " 

Lord Armstrong lived to seo the accomplishment of this 
undertaking Gassier* s Magazine for July 1895 gave a com- 
plete history of these Falls, and a detailed description of the 
work that had been carried out to utilise, or to " harness " 
them, as it has been termed. The late Sir William Siemens 
in his presidential address to the Iron and Steel Institute in 
1877, pointed out how the power obtainable from the Falls 
could be transmitted to distances by electricity, and his antici- 
pations have been fully realised 

A charter was granted in 1886 to the " Niagara River Hy- 
draulic Power and Sewer Company of Niagara, NY.," whose 
scheme was to construct a tunnel about 1-| miles long to 
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convey the water back to a district along the shores of the 
upper Niagara river, to be used there by millowneis In 
oider to carry out this undertaking the " Cataract Construc- 
tion Company" was formed for the purpose of constructing 
a tunnel which commences at the river above the water 
level below the Falls, and passes under the city of Niagara 
to a large tract of land that has been acquired by the Com- 
pany, near the river bank above the city The tunnel is 
capable of conveying water representing 100,000 h.-p, or 
about 3 per cent, of the whole flow. The shape of the 
tunnel is that of a horseshoe, 19 feet wide by 21 feet high, 
inside the brickwork which lines it The baae of the tunnel, 
at its discharge point below the Falls, is 205 feet below the 
sill of the head gate at the entrance of the main canal from. 
the river above the Falls Of this fall 140 feet will be 
available, the rest being taken up by allowance for clearance 
from the wheel pits, by the fall (of 36 feet per mile) of the 
lateral tunnels leading to the mam discharge tunnel 

At the outset the Power Company adopted turbines with 
vertical shafts, and the same were used by the Niagara Paper 
Company, who utilised part of the power. Considerations ol 
economy in regard to rock excavation per horse-power de- 
veloped, influenced the design of the turbine with a view to 
having the greatest power for each unit. The Power Com- 
pany, at the outset, adopted 5000 h.-p. for each turbine 
at the central power station, whilst the Paper Company 
adopted 1100 h-p for a group of turbines which were of the 
Jonval type, designed and built by II. D Wood & Co. of 
Philadelphia The turbines of the Power Company were of the 
Fourneyron type, designed by Faesch & Piocard of Geneva,, 
and built by the Morns Company of Philadelphia. Two of 
these Fourneyron turbines are placed so that QUO set is in- 
verted and vertically over the other in order to neutralise 
weight on the stop or bearing, They will discharge 430 cubic 
feet per second, and acting under 136 feet of fall from the 
surface of the upper water to the centre between the upper 
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and lower wheels, they will make 250 revolutions per minute 
This at 75 per cent, efficiency represents 5000 h-p. The 
guide-wheel has thirty-six buckets, and the turbine wheel has 
thirty-two, the buckets being thickened in the middle, which 
is the most approved form The turbine wheels are made of 
bronze, the rim and buckets forming a single casting The 
shaft is a steel tube 38 inches in diameter, except at points 
where it passes the journal bearings or guides, at which it is 
11 inches in diameter and is solid. 

In 1900 the Power Company ordered from Messis Escher, 
Wyss & Co. of Zurich a turbine of 5500 h-p to run at 
250 revolutions per minute, the available head of water 
being from 144 feet to 161 feet This turbine is of the Francis 
type, with only one wheel of 5 '2 5 feet diameter, consisting of 
a single casting of manganese bronze Eegulation is effected 
by means of an annular case, which is movable in a vertical 
direction between the wheel and the guide vanes by means 
of two vertical rods The water enters the case through a 
tube 7 44 feet diameter. The pressure upon the bottom foot- 
" step of the vertical shaft is relieved by means of water under 
pressure. The regulator is of the oil-pressure type with Servo- 
motor. The balancing of the rod acts upon a two-armed lever 
and thence upon the piston of the Servo-motor, which has 
merely to open the turbine, while the closing is effected by 
the balance-weight and the weight of the parts of the 
apparatus. Below the regulator valve there is another valve 
actuated by electricity, and controlled from a switchboard. 
There is also an arrangement of hand-gear regulation which 
can be used if necessary 

The extent to which the Falls are being already utilised is 
shown by the statement that the average load throughout the 
month of September 1902 was upwards of 47,000 h.-p Part 
of this is used for industrial purposes, the rest is applied to 
electric street railways, to mechanical power, and to electric 
lighting for a distance of forty miles The present arrange- 
ments for transmission are three-phase current at 22,000 volts, 
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which it is understood will in the new line be taken up to 
40,000 volts, or even 00,000 volts for long-distance lines. 

In Gassier's Muyazme for Decembei 1903 the various steps 
which the Company have taken to utilise the enormous power 
which they had successfully brought into practical use are 
recorded These may ho briefly described as consisting of 
three powei -houses The first has reached its capacity of 
50,000 h -p The second, having a capacity of 55,000 h.-p,, is 
approaching its limit The third, of 1 1 0,000 h -p , is being con- 
structed on the Canada side of the river to operate in conjunc- 
tion with the first two, thus making a total of 215,000 h -p 
The turbines for the second power-house, Mr Clemens Herschol 
states, have been constructed more up-to-date than those which 
were put down in the first power-house, and are consequently 
more efficient The turbines (consisting of eleven 5000 h -p 
machines) for the second house were built by the J P Morns 
Company of Philadelphia, from designs of Escher, Wyss & Co 
of Zurich, the power being utilised on the lands of the Niagara 
Falls Power Company, the Union Carbide Company alone 
taking 15,000 h -p. The whole of these eleven units are now 
completed. 

The third house is situated in the Queen Victoria Niagara 
Falls Park, about half a mile above the Horseshoe Falls, and 
will supply power in both Canada and the States, when the 
other two installations have reached their capacity for supplying 
power. The water is taken in from the river through a short 
canal, is discharged through penstocks to the turbines, and 
passes away through a tunnel to the river 

The turbines for this house are to be of a capacity of 10,000 
h.-p., the largest that have as yet been constructed, and there 
will bo eleven of them. These large turbines will occupy but 
little more space than those of 5000 h.-p , effecting a groat 
reduction m length of wheel pit and power-house for a given 
output. These turbines have been designed, and are being 
constructed, by Escher, Wyss & Co. 

3563 




INDEX. 



ACOTTMULA-IOK, Aimstiong's, 27 , 
Brown's, 29 , Tweddell's, 29 , in- 
tensifying, 30 j thelossofu&efnl effect 
m, 32, cliff eiential, 32, compensat- 
ing, 33 , an, 34. 

And, Sn J , 180 

Any, W , Aiclnmedean. sciew, 213 

American Elevatoi Co Otis elevatoi, 63 

Andeiton hydiaulic lift, 49 

Appold, 204 

Archimedean screw (Airy), 213 

Aimstrong, Loid, accumulator, 27 , an 
accumulator, 34 , lailway budge ovei 
theOuse at Goole, 96 , const: notion 
and woiking of guns, 162, Niagaia 
Falls, 218 

Aimstiong, Mitchell & Co , lifts at 
City and South London Railway, 72 , 
lifts foi subways, 73 , crane at Royal 
Italian Arsenal, 86 , hydiaulic coal- 
hoistmg machine, 89 , hydraulic 
power on boaid ship, 92, hydiaulic 
swing budge, 95 



BAKKR, Sir B., 99 

Balancing by hydraulic cylinder, 67 

Ball's pnmp diedgei, 174 

Barlow, Petei, 150 

Barnaby, 167 , 169 

Bane, 199. 

Bony Docks, direct-acting gate 

machinery, 105 
Bairy, SH J Wolfe, 100. 
Bartlett, 154 
Bascule bridges, 99. 
Batenian, 18, 
Bazm, foimula for discharge of water 

in pipes, 19 
Beck & Co , 186 

Ben ding plates by hydraulic powei , 121. 
Benier-Fontaine hydiaulic drill, 126 , 

hydraulic manhole cutter, 127 
Bossut, 3, 5. 
Brake, hydiaulic, 159 , foi wagon 

drop, 83 
Bramah, 38, 106, 200 



Biandt lotaiy dull, 128 

Bieast wheels, 211 

Bridges, hydraulic power applied to, 

94, over the Ouse at Goole, 96, 

hydiaulic power at Foith Budge, 

99, the Towei, 100 
Bntish Aluminium Co , 217 
Biown, A. B , accumulator, 29 
Brown, J G , deposits in pipes, 20. 
Biunlees, Sn James, 70 
Buffer stop, hydiaulic, 159. 
Bute Docks, movable hydiaulic ciane, 

87 



GAIL, Messis, of Pans, steel plate press, 

53 

Candy sprmldei, 170 
Capstans, hydraulic, 80 
Castel, 3, 7 

Cataiact Constiuction Company, 219 
Centiiiugal pumps, 204 , expenments 

on efficiency of, 205 , compound, 

209 , foi salvage \\oik, 209. 
Chinese scoop wheel, 213. 
City and South London Railway lifts, 

72 

Claik & Bun net, 80 
Clark & Staudfield, differential and 

compensating accumulators, 32 , steel 

hoc - ' , r 

Goal, i 88 , 

hoist fixed, 91 
Coaling, cradle, 88. 
Coating pipes, necessity for, 19. 
Coefficients, of discharge through 

orifices, 3 , of discharge over 

M'eirs, 10 ; table of, for (low of -watoi 

m pipes, 17. 
Cohen, 22 
rwrnwan...-).,,,,. n i v, u is> j^ 

pump, 209. 
' i .vator by Otis 

Co-opeiation, powei, 200 
fV,p r ,-.<! - ,-ut, -vy, 0, 154 
( o-t j! ]} iai ,i power, 203 



222 



INDEX. 



223 



Crab, Elswiek gate, 102. 

Oiadle, coaling, 88 

Oianes, 86 , at Noith-Ea&tern Railway, 
86, at Royal Italian Arsenal, 86, 
hydiaulic, for atoinig coal, 87 , 
movable hydraulic, 87 , on boaid 
slup, 94 

Cntical velocity in pipes, 16 , 
Osborue Reynolds on, 20-27 

Ciutlwoll, 100 

Cm lent sciew nieteis, 12 

Cuttei, manhole, 127 

Cyclone hydiaulic baling pre&s, 4.1, 

Cylmdeis, foimula for cabt uon, 39 , 
compensating, 145 



DAYY Bnos ' 44 pumping engines, 148 
Deacon's differentiating waste-water 

meter, 184. 
De Burgh, 169 
Depth, hydiaulic mean, 12 
Disappearing guns, 163 
Dock-gate macluueiy, 102 
Diedgei, Ball's pump, 174 
Drill, hydiaulic, 126 , at St Gothard 

tunnel, 128 , hydiaulic at Simplon 

tunnel, 129 

Duver, hydianlic pile, 176. 
Drop, hydiaulic wagon, 83 
Duel, Andeiton lift, 4-9 
Duplex cylmdei foiging pi ess, 44. 



EA.STON & Andeisou, 71 

Easton & Co , 138. 

Eiffel Tower, new hydiaulie lifta for, 
76 

Elevatoi, Otis, 63 ; Glasgow Harbour, 
68 ; giam, 77. 

Ellington ]omt foi pressure pipes, 28. 

Elhs, 5 

Elswiclc hydiaulic crane foi storing 
coal, 87 , fixed coal hoist, 91 , 
movable hydiaulic coal hoist, 91 ; 
otanes on boaid ships, 94; gate crab, 
102 , direct-acting hydiaulic sluico 
machine, 104 ; hydiaulic slotting 
machine, 107 ; hydiaulic engine, 
136 ; compound condensing pumping 
engine, 137. 

Eiigme, Pearsall's hydraulic, 183, 
Elswick pumping, 137. 

Engines, pumping, 136 , pumping for 
mines, 138 , the Worthington, 140; 
Davy's, 148. 

Ef-eher, Wyss & Go , 220 

Excavator, hydraulic, 180 

Experiments, with accumulator 
(Tweddell), 32 ; with glycerine, to 
pi event freezing in water pipes, 



35 , on flow of watei tluough 
small tubes (Cohen), 22 , on the 
How of solids, 36 , on hydiaulic lam 
packing, 48 , on steel hooped presses 
53-58 (Tables I , II , and III.) , on 
iivetted joints, 117 , with plungei 
pumps, 146 , with paiaehutes on the 
Neva, 199 , on the efficiency of centri- 
fugal pumps, 205 , on lo&ses in 
kubmes, 215 

Eytelwein, 3 , foimula foi discharge of 
watei in pipes, 19 



FAESOII & Piccaid, 219 

Fan ban n, Sir W , 201 

Falls, Niagaia, 218 

Fawcett Pieston & Co , 41. 

fielding, John, 118 

Fielding & Platt, 108 

Flange piess, Tweddell's hydraulic, 124, 

Flanger, Tweclddl'b hydianlic, 123, 

Flow of water tluongh pipes, 13 , of 
solids, 35 

Foiest of Dean Railway hydraulic 
s>wmg bridge, 94 

Formula foi dischaige tlnongh orifices, 
2 , Unwin's, 4 , Thiupp'b, 4 ; for 
dischaige ovei woua, 10 ; for trian- 
gular notch, 11 , for velocity of 
watei in pipes, 15 , for di&charge ol 
water in pipes, 16, 19 , for thick- 
ness of cast iron cylinders, 39 , for 
tensile stiain on the surface of 
pi esses, 39 , for friction of leather 
packing, 48 , lor efficiency of ]ot, 
168 , foi oveishot watoi wheel, 211 , 
for efficiency of undershot water 
wheel, 212 

Foith Bridge, hydraulic power at, 99. 

Fouineyon, 215 

Foyers water power, 217. 

Fox, Su Douglas, 70. 

Fiankfort, giam elevators at, 77. 

Freezing, prevention of, in pipes, 35 

Friction of disc in lotated fluid, 205. 

Frictioual lesistanco of hydraulic rams, 
49 



GATES, hydiauhc machinery for open- 
ing and closing, 103 ; hydraulic, at 
Barry Docks, 105. 

Gauging water by weirs, 10 ; by 
notches, 11 

Genavd, 54. 

Guard, M , 399, 215. 

Girard-Barre hydraulic railway, 199, 

Glasgow Harbour elevators, 68 ; tunnel, 
156. 

Goodman, J., 140. 



INDEX. 



oole Docks, hydraulic coal hoists, 
91. 

tadient, hjdiaulic, 13. 

tain elevators, 77 

leathead lifts foi subways, 78 , shield, 
150 , foice lequned to duve shield, 
158 , miector hydrants, 171 

unnery, hydiauhc powei applied to, 
162. 

nns, steel constiuction of, 40 , dis- 
appearing, 163 

wynne, Messis J & N , '209 



[AGEN, Di G , modification of formula 
foi flow in pipes, 15 

laigli, 154 

[aimlton-Snnth, 5, 7 

[andcock, 136 

[audyside & Co., Manchester Ship 
Canal, 61 

[aibour, Glasgow, elevators, 68 

[eischel, Clemens, 132 

tick, B., 46 

tick, J , expenments with pack ing, 48 

[oists, hydiauliCj 62 

[oist, Waygood & Co 's lift and, 
79 , movable jiggei, 82 , fixed coal, 
91 , movable hydiauhc, 91. 

[omhay, 100 

[ooke, foimula for tensile stiain on 
proasesi, 39 

lull hydraulic power, 203. 

luntoi, Ghailes L., 88 

lydiants, Gi cathead's injootoi, 171 

lydianlio mean depth, 12, giadient, 
13 , rams, packing for, 45 ; rams, 
fuctional lesistance table, 49 , coal 
hoisting machines, 88 , eoal hoist 
fixed, 91 , movable coal hoist, 91 ; 
coal hoists at the Goole Docks, 91 , 
swing budge, 91 , swing bridge over 
iivci Tyne, 98 , machinery for 
dock gates, 102 , machine foi open- 
ing and closing lock gates, 103 , 
sluices at lock gates, 104 ; gates at 
Barry Docks, 105 ; slotting machine, 
107 , uvetter (Tweddell'a), 108 ; 
portable rivetler, 111 , rivetteis at 
London and JSToith-Westein Railway 
Works, 114 ; nvetters, indicator 
diagrams of, at Toulon Dockyard, 
114 , power, for bonding plates, 121 , 
flangei, 123, powei for welding 
pipes, 126 , rock drill, 129 , engine, 
136 ; presses in the Greathead shield, 
153 ; buller stop, 159 , locoil press, 
164 , power, cost of, 203 , power, 
Hull, 203 , powers, works existing, 
204. 



Hydiauhc brake, 159, 
capstans, 80 
cranes, 86 , tot storing coal, 87 , 

movable, 87 

diioct acting sluice machine, 104 
drill, 126. 

Eillel Towoi, new lifts for, 76 
Engiueeinig Co , 75, 86, 173 
fxcavatoi, 180 
jet foi pile sinking, 169. 
lift, AmU'i ton's, 49 , La Louvieie 

Canal, 58 

macluneiy on board ship, 92 
Peai sail's eiisfine, 133 
pile duvoi, 176 
pile scitnving appaintus, 178 
powei applied to budges, 94 
power applied to gunnery, 162 
powei at the Forth Bridge, 99 
Power Co , London, loss of head 

in mains, 29. 
powei, Manchostei, 202 
pi esses, 38 , hoists, lifts, 62 
i ail way, the Giraid-Baiie, 199 
ram, 131 

stationary 11 veltei, 118 
tiaveisois, 81 
wagon diop, 83 
Ilydiometei, with paiaehutes, 197. 



IMPKIUAL positive water metei, 186 
Indicator diagrams of hydraulic 

nvetteis, 116 

Ingham, loss of capacity in pipes, 20 
Injector hydrants, Greathead's, 171. 
Invincible plant, 209. 



JET, hydiauhc, for pile sinking, 169 
Jet piopulsion, 167 ; foimula for 

efficiency of, 168. 
Jiggei, movable hoist, 82 , for lilting 

excavated niatenal, 86 
Joints in pipes, 28. 



KENNEDY, Piofessor, experiments ou 

nvettod joints, 117, 
Kent, George, 192. 
Kent's standard water meter, 189. 
Kraft Htcol hooped pioases, 63. 



LA LouvifciiM Canal lift, 58, 

Langloy, Allied, 159, 175. 

Lawford, G. M., How of water in long 

pipes, 19. 
Lehman, experiments on turbmos, 

215 



INDEX. 



225 



Lilts, Aiuleiton hydiaulic, 49 , La 
Louvieie Canal, 58 , hydiauho, 62 3 
JVItisoy Railwav, 70, at City and 
South London Railway, 72 , foi 
subways, 75 , at the Eiflel Towel, 
76 , Waywood & Co , 79 

Lindley, W. II , giam elevatois at 
.Kiankfoit, 77 , hydiaulic tiavcrseib, 

oo 
o& 

Lock gates, macluueiy foi opening 
and closing, 103 , sluices at, foi 
lemovmgmud, 104 

Lloyd, 136 

London and Noith -"Western Railway, 
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